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Overview of mutations

0 Mutations in DNA or mRNA may occur
= Errors in DNA replication during cell division
= Exposure to mutagens (physical or chemical agents)
= Viral infections

= By scientists’ intervention

0 Mutations can be harmful or not




0 Location in the DNA

= Non-coding region —> affect gene expression (transcriptional
regulation, mRNA stability, translation rates, location, etc.)

= Coding region (exons) —> may affect protein sequence

Category

@ regulatory @ synonymous
@ splicing @ nonsense
€ missense

Spllcmg

Spllcmg

Splicin \
SplICIng pg 2 9 Exon 3 UTR POV(A)|hiergenic

Intron
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o Types

= Point mutations — a single nucleotide is changed in DNA (or RNA)

= Substitutions
= Single nucleotide polymorphism (SNP — pronounced “snip”)
= Genetic variation; occurs in > 1 % of population
= About 10,000,000 in the human genome

" |nsertions or deletions
= Codons have triple nature (3 nucleotides = 1 amino acid)
= Potential for frameshift (change in the grouping of

codons, resulting in a different translation)

= Can be very deleterious

= Other types (duplications, translocations, inversions, etc.)
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0 Types of point mutations

= Silent (synonymous SNP) — no effect on protein sequence

0 T -«<=— proteinseq.
normak: cap act <=— nucleotide seq.
ﬂ- . <— mutation

mutated: H]IHH[
L @ T

= Missense (non-synonymous SNP) — substitution of amino acid
dormak €l cag att <— macleotios
mutated: . = . act {t -
o0 cfo o
= Nonsense — introduction of a stop codon -> protein truncation
aormal L Hu T <— protein seq.
ﬂ.* o act {{:“I.m
mulated: cip tag act
L www
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0 Human Genome Variation Society

=  http://www.hgvs.org

= Lists all the available databases of human mutations by types

0 Central mutation databases (>20)
= Substitutions in all genes
= Variability in protein sequences
= Data mainly from literature
0 Locus-specific databases (about 700)

= Substitutions in specific genes

* Typically manually annotated
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Central mutation databases

0 Database of Single Nucleotide Polymorphisms - dbSNP

= https://www.ncbi.nlm.nih.gov/snp/

= Repository for both SNP and short deletion and insertion

=  For human genome

National Library of Medicine

National Center for Biotechnology Information

dbSNP SNP v @

Advanced Help

y' dbSNP

dbSNP contains human single nucleotide variations, microsatellites, and small-scale insertions and deletions along

with publication, population frequency, molecular consequence, and genomic and RefSeq mapping information for
both common variations and clinical mutations.

Getting Started Submission Access Data
dbSNP 20th Anniversary How to Submit Web Search
QOverview of dbSNP Hold Until Published (HUP) Policies eltils API

About Reference SNP (rs) Submission Search Variation Services

Factsheet FTP Download



https://www.ncbi.nlm.nih.gov/snp/

Central mutation databases

O Online Mendelian Inheritance in Man — OMIM

= http://omim.org/

= Comprehensive database of human genes and genetic phenotypes

About Statistics ~ Downloads ~ Contact Us MIMmatch Donate -~ Help ~ (2]

Q Options «

OMIM Entry Statistics

Number of Entries in OMIM (Updated December 9th, 2020) :

MIM Number Prefix Autosomal X Linked Y Linked Mitochondrial Totals
Gene description  * 15,554 744 51 37 16,386
Gene and phenotype, combined + 30 0 0 0 30
Phenotype description, molecular basis known # 5,565 349 5 33 5,852
Phenotype description or locus, molecular basis unknown % 1.414 115 4 0 1,533
Other, mainly phenotypes with suspected mendelian basis 1,660 103 3 a 1.766

Totals 24,223 1.311 63 70 25867



http://omim.org/

=  Comprehensive collection of mutations in nuclear genes

that underlie or are associated with human inherited disease

The Human Gene Mutation Database
' at the Institute of Medical Genstics in Cardiff
HGMD Eonir b Simeics s s T oo Seaiminn Bbmiine Conis Sepoe Lopa 1105 Ofinlaln

The Human Gene Mutation Databaze (HGMD®E)) repress an attempt to collate all known (published) gene lesions responsible for human inherited disease and is maintained in Cardiff by DN Cooper. E'V. Ball. PD. Stenzon, A D. Phillips, K Evans. 8. Heywood, M.J. Hayden MM. Chapman, M E Mort, L. Azevedo and D 5. Millar.

PPN *Plez:e note tht his les up-to-date public version of aur database is freely available auly to seistered nsers from academic mstifations on-profit orgamisations. All cammercial users are required to purchase a livanse from QUAGENT, onr commercial pariner. A license to HGMD Professionl is available to 5 acadamic non-proft users wisking & acess
. o p-to-date arsion o mg.uzbn (mQLA_GEm request 2 f2s izl of HGMD Professional), Read mors about how EGMD is fimded Vou may not copy, stors or re-distribute HGMD data without express writtes permission (3) Som the curators or (1) via your icanse agresmant. Copyrizht © C::dn.&Ummnv‘Ol All ights raservad. i
jor

9,438,337 queries successfully served since 2007
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Central mutation databases

0 UniProtKB/Swiss-Prot

= http://www.uniprot.org/UniProtKB/

= High-quality manually annotated protein entries with partial lists of

known sequence variants

i)
. [
Unll'-"ro.l:.; BLAST Align Peptidesearch ID mapping SPARQL  UniProtKB v Advanced | List

Status

UniProtKB 251,702,059 results |

% Reviewed (Swiss-Prot)
(570,420)

~. Download View: Cards O Table ® £ Customizecolumns & Share ~
Unreviewed (TrEMBL)
(251.131,639) B Entry s Entry Name . Protein Names s Gene Names . Organism . Length 4
O AOAOC5B5G6 % MOTSC_HUMAN Mitochondrial-derived MT-RNR1 Homo 16 AA
Popular organisms peptide MOTS-c[...] sapiens E
Human (204,229) (Human) g
('R
Rice (148,886) [0 AOA1BOGTW?7 & CIROP_HUMAN Ciliated left-right CIROP, LMLN2 Homo 788 AA -]
A thaliana (136,350) organizer sapiens
.thaliana ’ .
metallopeptidase]...] (Human)
Rat (93,045) E
O AOJNW5 % BLT3B_LHUMAN  Bridge-like lipid transfer ~ BLTP3B, KIAAQ701, Homo 1,464 AA
Mouse (86,221) protein family member 3B SHIP164, sapiens
[..] UHRF1BP1L (Human)
Taxonomy
Eilea e J A0JP26 %  POTB3_HUMAN POTE ankyrin domain POTEB3 Homo 581 AA
family member B3 sapiens |
Group by (Human) |
Taxonomy O AOPK11 %  CLRN2 HUMAN  Clarin-2 CLRN2 Homo 232 AA '


http://www.uniprot.org/UniProtKB/

O For information on gene-specific databases

ATP-binding cassette, sub-family D (ALD), mermber 1
300371

ABO

ABO blood group (ransferase A alpha 1-3-N-
acetylgalactosaminylransferase; transferase B, alpha

1-3-galactosyliransferase)
110300

ACAD8

acyl-CoA dehydrogenase family, member 8

604773

ACADM

acyl-CoA dehydrogenase, G-4 to G-12 straight chain
607008

ACADSB

acyl-CoA dehydrogenase, shorthranched chain

600301

ACADVL

acyl-CoA dehydrogenase, very long chain

609575

ACE2

angiotensin | converting enzyme (peptidy-dipeptidase A 2
300335

ACHE

acelylcholineslerase (Yt blood group)
100740

ACOT9
acyl-CoAthioesterase 9

ACSL4
acyl-GoA synthetase long-chain famity member 4
300157

ACTAT
actin, alpha 1, skeletal muscle
102610

ATREU AU IISURUUY S UL Y L alauass

hitp:tvenx-ald.nl

Blood Group Antigen Mutation Database
hitp:renere.nebi.nim.nih.govigyimhetslegi.cgi?emd=bgmutihome

Innsbruck Metabolic Diseases Pages
hitp:flovd.i-med.ac.athome.php?select_dh=ACADS

CCHMC - Human Genetics Mutation Dalabase
hitps:firesearch.cchme.orgiLO¥Dthome.php?select dh=ACADM

Innsbruck Metabolic Diseases Pages
http:#lovd.i-med.ac.atthome.php?select_dh=ACADSB

CCHMC - Human Genetics Mutation Database
hitps:fresearch.cchme.orgil OVDIhome.php?select_db=ACADYL

ACEZ database al LOVD
hitp:tva, LOVD.nIIACEZ

Blood Group Antigen Mutation Database
hitp:tvene. nchi.nlm.nih.govlgwimhelxslcgi.cgi? emd=hgmutthome

ACOTY database at LOVD
http:#uva.LOVD.n FACOTS

ACSL4 database at LOVD
hittp:Mwn LOVD.nIPACSLA

Laing Laboratory Skeletal ruscle alpha-actin (ACTAT)
hitp:#actal.waimruwa.eduauthome. php?select_db=ACTA1

Databases of mutations
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Missense mutations




0 Mutations affecting structure

= Stability & folding
= Aggregation
0 Mutations affecting function
= Binding & catalysis
= Transport processes
= Protein dynamics

=  Protein localization
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0 Major pathogenic consequences of missense mutation

= Compromised folding — the protein has modified folds or
presents more unfolded states
= Decreased stability — the lifetime of the protein is decreased

" Increased aggregation

Missense mutations - structure




0 Molecular basis of mutations affecting folding & stability

= Introduced clashes — common for small to large mutations in

buried residues

= Loss of interactions — most pronounced effects related to H-bonds,

salt bridges and aromatic interactions

Missense mutations - structure




0 Molecular basis of mutations affecting folding & stability

= Altered conformation of protein backbone — mutations concerning

residues with specific backbone angles (especially glycine and proline)

NOTE:
YO3P . Gch_lne - the mo§t
flexible amino acid
L75P 177P F78P I88P * Proline — the most rigid

= Changes in charge/hydrophobicity
* Introducing hydrophilic/charged residue into the protein core

" Introducing hydrophobic residue onto the protein surface

Missense mutations - structure 17




0 Mutations can reduce solubility or increase aggregation

= Alterations on the surface residues may affects the solubility
(ex: reduction of charge)
= Hydrophobic mutations can increase protein aggregation

= Aggregating proteins usually have high level of B-structures

0 Aggregation modulated by short specific sequences

= Aggregation-prone regions (APRs) are sequences of 5-15

hydrophobic residues
= They tend to stack and form amyloid fibrils (cross-p spines)
= Some mutations can increase the propensity to form such

amyloid structures

Missense mutations - structure




0 Effect on binding and catalysis

" Binding sites are tuned to bind specific molecules and
stabilize transition states

=  Mutations can disrupt or improve the binding and catalysis

0 Example — drug-resistance of HIV-1 protease mutants

llesS0*

= Loss of interactions with inhibitors

Indinavir

lle50Val
37X h|gher Ki lie50 2 ’4{0/ .

—— . ——

Means: isoleucine in position 84 valso 41

was mutated to valine
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0 Effect on ligand transport
= Pathways are adjusted to permit transport of specific molecules
= Mutations can speed-up or disrupt the transport, or allow the

transport of different molecules

Leul77Trp => tunnel
becomes almost closed

release of products 500x slower

LinB L177W

Missense mutations - function




0 Effect on protein dynamics

= Dynamics enables proteins to adapt to their binding partners and
interchanging between conformations
= Mutations can:
= Make regions more rigid (targeting hinge or very mobile regions,
ex.: loops ) -> reduced adaptability
" |ncrease flexibility of rigid regions (targeting residues with many
contacts in mobile elements) -> increased adaptability

= These change may affect activity, specificity or even recognition

Missense mutations - function 21




0 Effect on protein localization

= After translation, the protein must be translocated to the appropriate

cellular compartment
= Translocation can be regulated by short sequences (Signal Peptides)
on the N-terminus, by Translocation Complexes, Chaperones, etc.
= Mutations can disrupt or alter the signal, or complex formation ->
protein fails to be transported to the correct subcellular location
=  Missing protein -> inactive reaction pathways or unregulated
signaling cascades
= Mislocalized protein -> active in the wrong cellular

compartment, causing harmful effects

Missense mutations - function ply)




0 ldentification of mutable residues

0 Prediction of the effects on structure

0 Prediction of pathogenicity

Prediction of mutational effects 23




Prediction of mutational effects - mutable residues




0 The effect of mutations on the protein can be predicted

directly from the role of the modified residue

0 Mutation of evolutionary conserved residues

= Residues important for protein function or stability tend to be

highly conserved over evolution
= Mutation of highly conserved residues -> often lead to
destabilization or loss of function

= Mutation of highly variable residues -> often neutral

Prediction of mutational effects - mutable residues 25




0 Mutations affecting stability & folding

=  Mutation of residues with many contacts or with favorable

interaction energy -> often destabilizing or compromise folding

= Mutation of residues in protein core -> often destabilizing

=  Small residue to large -> steric clashes

= Large to small -> loss of contacts (creation of a void)
= Polar to non-polar -> loss of H-bond

= Neutral to charged -> introduction of isolated charge

= Mutation of residues on protein surface (often neutral)

= Polar to hydrophobic -> desolvation penalty (destabilizing)

= Mutation involving proline or glycine -> altered conformation

Prediction of mutational effects - mutable residues




0 Mutations affecting function

Mutation of residues in binding or active sites -> modify binding

or catalysis

Mutation of residues in transport pathways -> modify transport
Mutation of hinge or mobile residues, residues on loops with many
contacts -> modify flexibility

Mutation of residues directing protein localization -> mislocalization

of proteins

Prediction of mutational effects - mutable residues




0 Tools for annotating (identifying) the role of residues

= Individual tools for specific analysis

Evolutionary conservation — ex:. ConSurf, ...

Residue contacts — ex: Contact Map Web Viewer, ...
Residue interactions — ex: Protein Interaction Calculator, ...
Accessible surface area — ex: AsaView, Naccess, ...

Binding sites — ex: CASTp, metaPocket 2.0, meta-PPISP, ...
Transport pathways — ex: CAVER 3.0, POREWALKER, ...
Protein dynamics — ex: NMA, molecular dynamics, ...

Protein localization — ex: SignalP, TargetP, Phobius, TMHMM, ...

Prediction of mutational effects - mutable residues




|dentification of mutable residues

0 HotSpot Wizard — meta-server combining several tools

=  http://loschmidt.chemi.muni.cz/hotspotwizard/

= Homology modelling, MSA, conservation, correlation, pockets and

tunnels detection, docking, stability prediction, design of smart library

HOTSPOT

WIZAHD v3.1 Design of mutations and smart libraries in protein engineering

Submitnewjob Help Example Usecases Acknowledgement

SELECT TYPE OF INPUT DATA

STRUCTURE . ”?Qg SEQUENCE I D DQD
% MSLGAKPF
o o) GAAIAAFVRAM Smart Librarie

VVLVVHDWGSALRGL nput  Inform. clei
Research 48 (W1): W356-W382.

Regearc
INPUT STRUCTURE Load example Pu blﬁﬁed opEN () Access
O
(») Enter PDE code
Source: USER STATISTICS

() Upload PDE file

« Number of visitors: 58945

PDBID: P truct
[?] rocess structure « Mumber of jobs: 32197



http://loschmidt.chemi.muni.cz/hotspotwizard/
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ldentification of mutable resi

Functional th SpotS Of 1CV2 Return to Results browser

Viewer Visualization settings =

Structure visualization style:

Wireframe Cartoon
Sticks Trace
Balls & sticks Backbone
Balls
Hide all visualized residues E
Save image

Details for residue A:78 Glu - Hesel view

Overview Tunnels & pockets Amino acid frequencies Mutational landscape = Correlated positions

[4) bottleneck radius (4)

B t:1

Elevance (%) volume (A%)

100 576 (28 ke
ﬂ r—l r_ll——_l &2 583 i...J E
' ' 62 275 [ES|
28 753 G (=
Number of gaps: 23 (11.5 %)
Rezidue features Total number of sequences: 200 utagenesis _
Exclude correld Reset view
Exclude buried residues nclude residues with moderate mutability Design mutations Design library
chain position residue mutable ™ non-essential in tunnel in catalytic pocket HotSpot ~7 chain position residue HotSpot
(=) Chain A ® e - 148 Gin J E
® A 146 Gin 5 N N v N B ® e - 138 Met J [EX|
Lo} A 136 Met v v X Y v [EE
@® O A 147 Asp v v v v v [EE|
® 9 A 271 Ala J v v v v [EE|
® @ A 138 lie v v X v v &
) A 247 Ala v v v v v 3
) A 248 Leu 5 "y "y S v [EE|




Design mutations

J single Point ][ Multiple Paint ][ Results summary ]

chain | position ‘ residue | Ala Arg | A=n | Aszp | Cys ‘ Gin | Glu | Gly | His | lle | Lys
A 249 e N - : . .
A 145 ou | 21 - . _ i
A 138 e 0@ - . N i
A 248 o 82 - : . .
A 173 va SR - . N i
A 177 TN i N B
A 146 GIn 04 . . .
A 253 wet 87T - l B
A 147 Asp 35 . N a
A 136 wet  [aE - N i
m
Codon usage : Escherichia coli K12

| Export table to C3V |

| Evaluate multiple point stability |

B
]
|

‘ Generate report
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0 Prediction of mutant structures — general workflow
=  Mutated residue and its surroundings represented by rotamers
from rotamer library (conformations derived form X-ray structures)
= The best set of rotamers selected by Monte Carlo approach
= QOptionally — energy minimization, backbone flexibility
= Comparing structures of mutant and native protein -> assessment

of the mutational effect (AAG = AGMut - AGNative)

0 Available tools
= Geometric: PyMOL; WhatlF
= Energy-based: FOLDX, Rosetta-ddG

= Homology: Swiss Model, MODELLER, etc.

Prediction of mutational effects - structure




o PyMOL

= https://pymol.org/

=  Mutagenesis module
= User can choose rotamers and visualize potential clashes

= Very fast; fixed backbone; no mutational scoring

Wizard File Edit Build W Plugin Help
ient  Draw
Appearance

Mutagenesis  * 2 1 Buider

Pair Fitting Protein
Nucleic Acids

Filter
Sculpting
Label
Charge

Demo

to TRP
Open
Open
Hydrogens: Current
Hydrogens: Current Show Lines

Show Lines Rotamers

Backhone Depen. Rotamers



https://pymol.org/

o FOLDX

=  http://foldxsuite.crg.eu/

= Stand alone, with plug-in to Yasara modeling tool
= Fast (minutes)

= Fixed backbone conformation

= Construction of single or multiple mutants

= Empirical scoring function for calculation of stability change (AAG)

Prediction of mutational effects - structure



http://foldxsuite.crg.eu/

a0 FOLDX

Eile Edit

Marked

Simulation

View Effecls

Superpose
Align

Blast
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Radius of
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h '\ NS AN N

Energy

FoldX

Charge of

Dipole moment of
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Oplions Window Help

Fix residues
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Repair object

Slability of object
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Energy analysis of object
Hydrogen bonds of object
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Sequence of

List

Couynt

Compare
Occupancy of
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Secondary structure
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H-Bonds between
Surface

Volume of

Mass of

(WY SY.uY U V.Y VYW

Check

g

Build homology model
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Configure plugin




0 Rosetta-ddG

* Under https://www.rosettacommons.org/

= Stand alone with bash and python scripts available

= Slow (hours-days)

= Fixed or flexible backbone conformation

= Construction of single or multiple mutants

= Empirical force field for calculating structure and stability of
wild-type and mutant

= Construction of PDB and prediction of stability change (AAG)
1 AlphaFold 3, ESM Fold, etc. (ML-based)

= Only structural prediction (no stability score)

Prediction of mutational effects - structure
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https://www.rosettacommons.org/

0 Prediction of impact of mutation on protein function

= Tools employ machine learning approaches

= Trained on functional experimental data

= Predictions can be based on sequence only

= Qualitative results —i.e. deleterious versus neutral

* Primarily intended for pathogenicity prediction (leading to disease)

o Available tools

= MutPred, SNAP, PhD-SNP, SIFT, MAPP ...

= PredictSNP — meta server combining a pipeline of many tools

Prediction of mutational effects - pathogenicity




O PredictSNP:

o http://loschmidt.chemi.muni.cz/predictsnp/

o Combines many tools for Protein or DNA assessment of SNPs

VAN

| Pa E D I rs N P | Consensus classifiers for prediction of
I disease-related mutations

Consensus classifier for prediction of
the effect of amino acid substitutions.

Consensus classifier for prediction of
the effect of nucleotide substitutions.

Prediction of mutational effects - pathogenicity



http://loschmidt.chemi.muni.cz/predictsnp/

“

> PREDICTSNP

Consensus classifier for prediction of
disease related amine acid mutations

INPUT
Insert protein sequence in FASTA format :
»HER HIMAK
T LERMFLEFETTEIEE
FEVAD: ISDLHRHEL LLSHILLVILARHLEAEETE

AVHRSLORELAIVITVLITSFYR

JOE CONTROL

Job 1D -
==

Bendl, J, Stourac, J, Salsnda, O..
Pavelka, A, Wieben, ED.. Zendulka,

MUTATIONS Manual input

Prediction of mutational effects - pathogenicity

Select positions:
1 MVLSPADKTHN VKAAWGKVEA HAGEYGAEAL ERMFLESFFRTT
4 KTYFPHFDLS HESACVKGHG KKVADALTNA VAHVODDMPANGA
# LSALSDLHAH KLRVDPWNFK LLSHCLLWTL AAHLPAEFTEF
12 AVHASLDKFL ASVSETWLTSHK YR
Pos = |Widtype | Mutations |caaa.|A
52 H ¥-Tyr QE
8 G D-Asp, V-Vl 9 -
83 v T-Thr -]
BT v-val (=]
Tz A E-Glu, V-Vl e [
Clear all mutations
JOL$ FOR EVALUA
|Tnoll|ame |Tmzda-nam:ls |E)q:eﬁu:lanulaq| |
|4 PredictSNP 32 min TIA%
[ wmarP 10 min T0T%
|¥ PHD-SNP 32 min T1.5%
[# PolyPhan-1 15 min 83.1%
|# PolyFhen-2 15min 8923
¢ sFT t5min 0%
[¥ SNaP A0 min B76%

USER STATISTICS

= Number of visitors: 22175
= Number of jobs: 25233

[ comcr .
Loschmidt Laboratories

- lictsnp@eci.muni.cz
= hitm/loschmidt. chermi.muni.cz

User guide
« Link: POF.

PredictSNP benchmark dataset

= 24087 neutral / 19,300 deleterious
= Links: XLE. dataset statistics.

PMD testing dataset
= 1.248 neutral | 2,240 deleterious
= Links: XLS. dataset statistics

MMP testing dataset
= 4455 neutral ! 7,538 deleterious
= Links: ¥LS, dataset statistics

OVERFIT testing dataset
= 15,081 neutral / 17,889 deletzrious
= Links: ¥LS. datsset statistics




0 There are many more tools out there

Method Based on Training set Conservation analysis Structural attributes Annotations Website
MutPred RE HGMD, Swiss-Prot SIFT, Pfam, PSI-BLAST Predicted attributes - http://mutpred. mutdb.org/
nsSNPAnalyzer RF Swiss-Prot SIFT Homologue mapping - http://snpanalyzer.uthsc.edu/
Panther Alignment - Panther library, HMMs - - http://www.pantherdb.org/ tools/
sCOTes csnpScoreForm.jsp
PhD-SNP SVM Swiss-Prot Sequence environment, - - http://gpcr2.biocomp.unibo.it/cgi/
sequence profiles predictors/ PhD-SNP/PhD-SNP.cgi
PolyPhen Empirical rules - PSIC profiles Homologue Swiss-Prot http://genetics.bwh.harvard.edu/pph/
mapping/predictions
PolyPhen2 Bayesian Swiss-Prot, neutral PSIC profiles Homologue Pfam domain  http://genetics.bwh.harvard.edu/pph2/
classification pseudo-mutations mapping/predictions
SIFT Alignment - MSAs - - http://siftjevi.org/
scores
SNAP NN PMD, neutral PSIC profiles, Pfam, Predictions - http://rostlab.org/services/snap/
pseudo-mutations PSI-BLAST
SNPs&GO SVM Swiss-Prot Sequence environment, - GO http://snps-and-go.biocomp.unibo.it/

sequence profiles, Panther

snps-and-go/

Prediction of mutational effects - pathogenicity




QO Protein engineering: sometimes we can use mutagenesis to
rationally design proteins according to our needs

0 Properties that can be modified by mutagenesis

Rational design of proteins



QO Protein engineering: sometimes we can use mutagenesis to

rationally design proteins according to our needs
0 Properties that can be modified by mutagenesis
= Stability
= Function
" Binging site (catalytic activity or substrate specificity)

=  Macromolecular interface

= Molecular tunnels/channels

= Solubility

Rational design of proteins 44




0 Prediction of stability change upon mutation

= Structure of mutant protein may not be produced
= Tools often employ
= Empirical scoring functions
= Evolutionary conservation analysis (ex: back-to-consensus)

=  Machine learning approaches

O Available tools

» Energy-based: Rosetta-ddG, FOLDX M
= Evolution-based: FireProt”s®

= Hybrid approaches: FireProt, PROSS

Rational design of proteins - stability



O FireProt

https://loschmidt.chemi.muni.cz/fireprotweb

In silico analysis of all possible

mutations

Energy- and evolution-based analyses

Multiple-point mutants for

gene synthesis

Rational design of proteins - stability
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Rational design: stability

a FireProt

Viewer Visualization settings s

Structure visualization style:

Wireframe Cartoon
Sticks Trace
Balls & sticks Backbone
Balls

Hide all visualized residues
Save image
Reset view

Visualization quality:
1

FireProt protocol design i
PDB ID: 4e4d6 4
Length: | 292
Evolution mutant: |-3.7 kcal/mol (6 mutations)

-20.85 kcal/mol (8

Energy mutant:| - )

Mutant designer -

Original selection Save mutant

Download all designs (.zip)

chain position “ ref ait foldx rosetta -
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0 PROSS

= https://pross.weizmann.ac.il/step/pross-terms/

= Combination of mutations “allowed” by conservation analysis and

Rosetta calculations (energy)
PROSS Home Publications Research Group Gallery Servers ¥ Contact Sign In Search

PROSS: the Protein Repair One-Stop Shop

Input
Pross Terms  Upload PDB? Files Structure info  Constraints ~ Upload MSA? MSA file PROSS MSA  Energy function

Email address*

me@example.com

Valid academic email address to send the reports to.

Rational design of proteins - stability



https://pross.weizmann.ac.il/step/pross-terms/

0 FireProtAsR

= https://loschmidt.chemi.muni.cz/fireprotasr

= Ancestral sequence reconstruction (ASR)
= Automated ancestral inference & phylogenetic tree

= Useful to find stable ancestral enzymes

@ = ASR generated ancestor

. = Extant sequence
Distant Past

-

® .

‘3:
2/
— Wertical Comparison
1
Present Day . . -
s \‘ 4

Horizontal Comparison
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0 FireProtAsSR

= https://loschmidt.chemi.muni.cz/fireprotasr

= Ancestral sequence reconstruction (ASR)

= Automated ancestral inference & phylogenetic tree

= Useful to find stable ancestral enzymes

SEQUENCE USER DA et

Mutations

=

=

J "= Phyiogenatc res ri Mutiipie-sequance alignment ]

w | Clusta

Show substitutions - I Show all ancestrals

e
gansti!
STARTING FROM SEQUENCE
TR
(®) Enter own sequence e 3
Source : ;l'ﬂe
(") Upload sequence file \
wt
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HDWGSALGFHWAKRNPERVKGIACMEFIRPIPT

WDEVWPEFARETFQAFRTADVGRELIDQNAFIEG % i
Sequence: ALPKCVVRPLTEVEMDHYREPFLKPVDREPLWRF L 'ﬁwﬁ‘
PNELPIAGEPANIVALVEAYMNWLHQSPVPKLLFW T e
GTPGVLIPPAEAARLAESLPNCKTVDIGPGLHYLQ 9‘,-# o .
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0 RosettaDesign

=  http://rosettadesign.med.unc.edu/

= Monte Carlo sampling (random search) to predict minimum-energy
structure of mutants
= Predicts free energy changes upon mutations (AAG)

= Helps design mutations to optimize the binding site and increase

el

interactions with a ligand/substrate
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Rational design: function

0 PocketOptimizer

=  https://github.com/Hoecker-Lab/pocketoptimizer/

= Aimed at maximizing the affinity of a binding site towards a ligand

= Modular pipeline with different tools
= Flexibility, docking, mutagenesis, energy calculation

= Predicts global minimum-energy designs

Structure Preparation | Sampling Flexibility Energy Calculation Design Solutions

Prepared
Protein Scaffold » Complexes
Ligand Structure & Sampling

Scaffolds

Protein & Ligand Protonation ‘ : 3 Side-Chain vs. Fixed Residues

Side-Chain Rotamer Sampling : 5 2 : Creation of Solver Input Files
Ligand Conformer Generation Side-Chain vs. Side-Chain Graph-Theoretical Solving (MPLP)

Ligand Pose Sampling U{?g:n‘és;l:"‘sﬁge’?gf"a"i:“ Generation of Reports & Output Structures

Protein Cleaning & Minimization
Ligand & Protein Parametrization
Pocket Definition
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0 Funclib

https://funclib.weizmann.ac.il

To redesign and/or optimize binding site

Utilizes evolution (conservation) and Rosetta calculations (energy)
to introduce multiple-point mutations to modify the properties of
the binding site

Can be used to improve the binding affinity towards a ligand

Outputs up to 50 multiple-point mutants for protein synthesis
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0 Funclib

Minimal number of mutations per design

Maximal number of mutations per design
Minimal PSSM threshold
AAG

Sequence space

Total number of designs in tolerated sequence space _

' Reset | Verify || Proceed |
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o AffiLib

= https://affilib.weizmann.ac.il

= To optimize protein-protein interface

= Utilizes evolution (conservation) and Rosetta (energy) to introduce
mutations and optimize macromolecular interface

= Suggests mutations on the interface residues to improve the
binding affinity

=  Qutputs up to 50 multiple-point mutants for protein synthesis

Rational design of proteins - function
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0 Mutation Cutoff Scanning Matrix (mCSM-PPI12)

http://biosig.unimelb.edu.au/mcsm ppi2/

To optimize protein-protein interface
Based on machine learning, evolutionary data and energy (FoldX)
Provides mutational AAG
Modes of calculations
= Single mutation — single point mutations on interface
=  Mutation list — single mutations accordingly to a user
= Alanine scanning (all interface residues are mutated to alanine)
= Systematic — position saturation (all interface residues are

mutated to all other 19 amino acids)
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0 Aggrescan3D; SoluProt (see lecture 7 - Analysis of protein structures)

o SolubiS

» https://solubis.switchlab.org/

= To identify stabilizing mutations that reduce the aggregation tendency
of a protein

= 1) Identifies exposed APRs

= 2)Introduces “gatekeeper” residues (P, R, K, D and E) into APRs

= 3) Assesses the stability changes of mutations (AAG)

MVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEE- =

IEGEGEGRPYEGTQTAKLKVTKGGPLP- PVTVT  WTVK
FAWDISPQFMYGSKAYVKHPADIPDYLKLSFPEGFKWE KVTVT  WTPT

RVMNFEDGGVV TVTQDSSLQDGEFIYKVKL pvIvT | veTvT  wWrve THR LY
RGTNFPSDGPVMQKKTMGWEASSERMYPEDG ALK- |:> VETVT  WTKT |:> ;G}

GEIKQRLKLKDGGHYDAEVKTTYKAKVQLPGAYN- VDTVT  WWEVT
VNIKLDITSHNEDYTIVEQYERAEGRHSTGGMDELYK -

S
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