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Engineering of protein structures




o Overview of mutations

0o Databases of mutations
a Missense mutations
0 Prediction of mutational effects

0 Rational design of proteins
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0 Location in the DNA
" non-coding region —> affects protein expression (transcriptional
regulation, mRNA stability, translation location, translation rates, etc.

= coding region —> may affect protein sequence

Category
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® splicing @ nonsense

© missense
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o Types

= point mutation — a single nucleotide is changed in DNA or RNA

= substitutions
= single nucleotide polymorphism (SNP)
= genetic variation; occurs in > 1 % of population
= about 10,000,000 in the human genome

" insertions 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
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0 Types of point mutations

= silent (synonymous SNP) — no effect on protein sequence
— L 0 Tﬂ <— protein seq.
clg “: a {(:mu.'.-
mutated: ctg y aet

" missense (non-synonymous SNP) — substitution of amino acid

“l. Q L <— protein suh
normal: cag act <— nucleotide
<— mutation

*
mutated: ctg cgg act
et
" nonsense —introduction of a stop codon -> protein truncation

L Q@ T <— proteinsen.
normak: ctg cag act <— nucleotide seq.
<— mutation

N
mutated: ctg tag act
S 3 3
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0 Human Genome Variation Society

=  http://www.hgvs.org

= |ists all the available databases of mutations

0 Central mutation databases (>20)

= substitutions in all genes

= data mainly from literature

0 Locus-specific databases (about 700)

= substitutions in specific genes

= typically manually annotated
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0 Database of Single Nucleotide Polymorphisms - dbSNP

http://www.ncbi.nlm.nih.gov/SNP/

repository for both SNP and short deletion and insertion

for human genome

Databases of mutations

dbSNP
Short Genetic Variations

PubMed Nucleotide Protein G
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Mouse [tax_id 10900)
| Mapped Asseublies: GRCu3® (GCF 000001635.20) and Mu Celers (GCF 00000218S.2)
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O Online Mendelian Inheritance in Man — OMIM

About

= http://omim.org/

=  comprehensive database of human genes and genetic phenotypes

Statistics - Downloads ~ Contact Us MIMmatch Donate ~ Help ~

o

Search OMIM. .. 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 ) 33 5.952

Phenotype description or locus, molecular basis unknown % 1,414 115 B 0 1,533

Other, mainly phenotypes with suspected mendelian basis 1,660 103 3 0 1,766

Totals 24,223 1,371 63 70 25,667
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o UniprotKB/Swiss-Prot

= http://www.uniprot.org/

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

known sequence variants

Search 1 Blast Align

Retrieve

1D Mapping

Search in Query

‘ Pratein Knowledgebase (UmPrDtKE)@ ”

| [ Search J[ Advanced Search » J[ Clear J

WELCOME

The mission of UniProt is to provide the scientific commmunity with a

comprehensive, high-guality and freely accessible resource of protein segquence

and functional infarmation.

What we provide

UniProtkB

Protein knowledgebase, congists of two sections:
W Swiss-Prot, which is manually annotated and
reviewed

*TrEMBL‘whlch is autornatically annotated and is
not reviewed

Includes complete and reference proteome sets

UniRef

Sequence clusters, used to speed up seguence similarity
searches

| UniParc

Sequence archive, used to keep track of sequences and
their identifiers

Supporting data

Literature citations, taxonomy, keywords, subcellular
lacations, cross-referenced databases and maore

Getting started

» Text

search

® Sequence similarity searches (BLAST)

» Sequence alignments

* Batch retrieval

e« Datahase identifier mapping (ID Mapping)
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UniProt

NEWS

UniProt release 2012_10 - Oct 31, 2012
Cl&: on your Genome service

> Statistics for UniProtkB
Swiss-Prot - TIEMBL

» Fortheorming changes

» News archives

| W Follow @unipret {456 falowers |

SITE TOUR

Learm how to make hest use of the tools and data on this site
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Humans are unigue. Whichevar way you look at it Wea can
talk. We can wiite. ¥We can build skyscrapers, make art,
design weapons and be a general nuisance to many other life
farms. About 2.5 million years ago however, our ancestors
could not...




O Protein Mutant Database - PMD

=  http://pmd.ddbj.nig.ac.jp/~pmd/pmd.html

= compilation of literature data providing information on functional
and/or structural influences of mutation at a specific position

= useful for protein engineering purposes

% What is PMD ?

Last modified :Mar 26, 2007

Go to Japanese Page
« What is PMD ? (see samples)

Comphations of protem mutant data are valuable as a basis for protein engimeenng. They prowide information on what kinds of functional andier structural influences are brought about by amine acid mutation at a specific pesition of protein. The Protemn Mutant Database
(FMD) that we are constructing covers natural as well as artificial mutants, including randem and site-directed ones, for all proteins except members of the globin and immunoglobulin families. The PMD is based on literature, not on proteins. That is, each entry in the
database corresponds to cne arficle which may describe one, several or a number of protein mutants

The PMD is based on the literature, not on protems. That 18, each entry i the database corresponds to one article, which contans several or a number of protemn mutants. Each database entry is identified by a senal number and 1z defined as either natur al or artificial,
depending on the type of the mutation. For each entry the following ite ms are recorded : "TOURNAL", "TTTLE', "CROSS-FEFERENCE", "PROTERN", "N-TERMINAL', "CHANGE", "FUNCTION", "STRUCTURE", "STABILITT", etc. "CROSS-
REFERENCE" mdicates the code names of the protem grven in other databases such as Protein Identification Resources (2). "IN-TERMIMAL" shows the IM-terminal sequence of five armino acids which may help to show the unambigueus mumbering of th & sequence
"CHANGE" indicates the position and kind of mutations, such as amine acid substitut ion, insertion and deletion, denoted with a specific notation. Any functional or structural features ('FUNCTION, "STRUCTURE', "STABILITY" etc) ob served in the mutant are
descnibed mmediately after 'CHAIGE'. Relative differences m activity and/or stability, in comparisen with the wild-type protein, are indicated with symbols [- -1[-1.[=L.[+] or [+ +]. Complete loss of activity is denoted as [0].

« Sample of PMD entrv

« Detailed Description of PMD

« Statistics of the release Mar 26, 2007

© MNumber of entries: 45,233
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O for information on gene-specific databases

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

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

1-3-galactosyltransferase)
110300

ACAD8
acyl-Coi dehydrogenase famiy, member 8
604773

ACADM
acyl-Coh dehydrogenase, G-4 to C-12 straight chain
607008

ACADSB
acyl-Coh dehydrogenase, shortbranched chain
600301

ACADVL

acyl-CoA dehydrogenase, very long chain

609575

ACE2

angiotensin | converting enzyme (peptidyl-dipeptidase A 2
300335

ACHE

acetyicholinesterase (Yt blood group)
100740

ACOTY
acyl-CoAthioeslerase 9

ACSL4
acyl-CoA synihetase long-chain family member 4
300157

ACTAT
actin, alpha 1, skeletal muscle
102610

ACNEREU SUET IISURULY ST LY LAdlidudse

hitp v x-ald.nl

Blood Group Antigen Mutation Database
hitp:ivenare. nebi.nim.nih.govigvimhetslcgi.cqi?emd=bgmutthome

Innsbruck Metabalic Diseases Pages
http:#lovd.i-med.ac.athome.php?select_db=ACAD3

CCHMC - Human Genetics Mutation Database
hitps:firesearch.cchme.orglLO¥Dihome.php?select db=ACADM

Innsbruck Metabolic Diseases Pages
http:#lovd.i-med.ac.atthome.php?select dh=ACADSE

CCHMC - Human Genetics Mutation Database
https:Hresearch.cehme.orglL OVD/home.php ?select_db=ACADVL

ACEZ database at LOVD
hitp:tuauw. LOVD.nACE2

Blood Group Anfigen Mutation Database
hitp:tivenan. nehi.nlm. nih.govlgvimhetxslcgi.cgi?emd=hgmutthome

ACOTY database at LOVD
http: L OVD.nHACOTS

ACSL4 database at LOVD
hitp:tumw. LOVD.AACSL4

Laing Laboratory Skeletal rmuscle alpha-actin (ACTAT)
http:ftactal.waimruwa.edu.authome.php?select_db=ACTA1

Databases of mutations

Ronald B.J.A Wanders Lab. of Genetic Metabolic Diseases Academic Medical Ctr. Amsterdam,
The Metherlands

Olga C. Blumenfeld Department of Biochemistry, Santosh Patnaik, Department of Cell Biology, Albert
Einstein College of Medicine New York, MY U S.A

Barbara Lanthaler, Stefanie Kalb and Martina Witsch-Baumgartner

Ammar Husami, Brian Richardson, Edita Freeman, Kemy Shooner, Thedia Jacobs and Theru A
Sivakumaran

Barbara L anthaler, Stefanie Kalb and Martina Witsch-Baumgartner

Ammar Husami, Brian Richardson, Edita Freeman, kemy Shooner, Thedia Jacobs and Theru A
Sivakumaran

Johan T den Dunnen Leiden Univ. Med Centre (acting), Curator vacancy

Olga O. Blumenfeld Depariment of Biochemistry, Santosh Patnalk, Department of Cell Biology, Albert
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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

Missense mutations



0 Molecular basis of mutations affecting folding & stability

= introduced clashes — common for small to large mutations in

buried residues

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

salt bridges and aromatic interactions

Missense mutations



0 Molecular basis of mutations affecting folding & stability

= altered conformation of protein backbone — mutations concerning

residues with specific backbone angles (glycine and proline)

\8

YO3P

L75P I77P F78P 188P

= changes in charge/hydrophobicity
* introducing hydrophilic/charged residue into the protein core

= introducing hydrophobic residue onto the protein surface

Missense mutations 15



0 Mutations can reduce solubility or increase aggregation

= alterations on the surface residues may affects the solubility (e.g.
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
= APR are sequences of 5-15 hydrophobic residues
= they tend to stack and form amyloid fibrils (cross-f spines)
= some mutations can increase the propensity to form such

amyloid structures

Missense mutations 16



0 Effect on binding and catalysis

= binding and active sites are tuned to bind specific molecules and
their transition states

= mutations can improve or disrupt the binding and catalysis

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

les0'

= |oss of interactions with inhibitors

Indinawvir

lle84Val lle50Val

3x lower K.
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0 Effect on ligand transport

= pathways are adjusted to permit transport of specific molecules
=  mutations can speed-up or hinder their transport or allow the

transport of different molecules

O Example —transport in mutant of haloalkane dehalogenase

Leul77Trp in tunnel
nlatunnel became closed

500x slower release of products

LinB L177W

Missense mutations




0 Effect on protein dynamics

= dynamics enables proteins to adapt to their binding partners
= mutations can
= make flexible regions more rigid (targeting hinge residues
or very mobile ones) -> reduced adaptability
" increase flexibility of rigid regions (targeting residues with
many contacts on possibly mobile elements —i.e. loops )
-> increased adaptability

= these change may affect activity and specificity

Missense mutations

)



0 Effect on protein localization

= after translation protein must be translocated to the appropriate
cellular compartment
" in many proteins, translocation is directed by short peptide
sequences on the N-terminus acting as targeting signals
= mutations can disrupt or alternate the signal -> 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 20



0 ldentification of mutable residues

O Prediction of the effects on structure

0 Prediction of pathogenicity

Prediction of mutational effects 21



0 The effect of mutations on the protein can be directly

assessed 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; can modulate

function

Prediction of mutational effects - mutable residues 22



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

= |arge 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 concerning proline or glycine -> altered conformation

Prediction of mutational effects - mutable residues 23



0 Mutations affecting function

" mutation of residues in binding or active sites -> modified binding

"  mutation of residues in transport pathways -> modified transport

= mutation of hinge or mobile residues, residues on loops with many
contacts -> modified 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 — e.g. ConSurf, ...
= residue contacts — e.g. Contact Map Web Viewer, ...
= residue interactions — e.g. Protein Interaction Calculator, ...
= accessible surface area — e.g. AsaView, Naccess, ...
= binding sites —e.g. CASTp, metaPocket 2.0, meta-PPISP, ...
= transport pathways — e.g. CAVER 3.0, POREWALKER, ...
= protein dynamics —e.g. NMA, molecular dynamics

= protein localization — e.g. SignalP, TargetP, Phobius, TMHMM, ...

Prediction of mutational effects - mutable residues 25



|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

el | mererence |
STRUCTURE , & SEQUENCE IDD D Sumbalova, L., Stourac, J., Martinek
T., Bednar, D., Damborsky, J., 2013

-
- MSLGAKPF HotSpot Wizard 3.0: Web Server for
. Automated Design of Mutations and
3 GAAIAAFVRAM Smart Libraries based on Sequence
VVLVVHDWGSALRGL Input  Informaticn. Nucleic  Acids

Resear 1): W356-W362

INPUT STRUCTURE Pubhmed op a 25

() Enter PDB code
Source :
(O Upload PDB file

USER STATISTICS

« Number of visitors: 55946

PDBID: 2 Process structure
o9 « Number of jobs: 32197
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ldentification of mutable residuesx

Functional hot 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 =

Save image
Reset view
Visualization quality:
8 |+
Tunnels -
id length (A) bottleneck radius (A)

(=) Starting from pocket: 1

® 1 7.7 1

&

Pockets =

id chain(s) relevance (%) volume (&%)

® 1 A 100 576 B8 e
2 A 82 883 @ 5
3 A 62 275 @
4 A 28 753 & =

Residues seiecied ior muiagenesis -

Exclude correlated positions Exclude catalytic pockets Exclude tunnels Exclude a-helices and B-sheets Show all residues Zoom residues Reset view
Exclude buried residues Include residues with moderate mutability Design mutations Design library
chain position residue mutable ~ non-essential in tunnel in catalytic pocket HotSpot A4 chain  position residue HotSpot

=) Chain A ® @ A 146 Gln v =
® A 146 Gin 7 7 v iy v (EE] ® 9 A 136 Met v (B8]
® A 136 Met v v b4 v v &
® O A 147 Asp v v v v v (B8
® O A pigl Ala v v v v v Ef|
® O A 133 lle v v X v v (ES|

3 A 247 Ala 4 v v o v (B8

) A 248 Leu v v v v, v (85




' Library design

J, Standard 1[ SwiftLib ]

AAs selection mode : |Amino acid frequency Iv | Minimal frequency (%) : S

| Include wild-type | | Exclude wild-type |

@ chain position residue desired amino acids codon desired ratio (%)  stop ratio (%)
¥ A 136 Met | Ala, Lys, Pro, Gin, Arg, Thr vlwr v |g? 7738 0.0
M A 146 Gin A, Asp, Glu, Gly, Pro, Gin, Ser lv|Bw  |v|g? 63.0 1.1
¥ A 147 ASp | Ala, Phe, Gly, Leu, Met, Thr, Val \vlloBs _ |v| P 61.1 0.0
codon  desired ratio (%) stop ratio (%) desired amino acids encoded amino acids
DBS 100.0 0.0 Ala:2 Cys:1 Phe:1 Gly:2 lle:1 Leu:1 Met:1 Arg:1 Ser:3  Ala:2 Cys:1 Phe:1 Gly:2 lle:1 Leu:1 Met:1 Arg:1 Ser.3
’ . Thr:2 Val:2 Trp:1 Thr:2 Val:2 Trp:1
DBEK 100.0 0.0 Ala:2 Cys:1 Phe:1 Gly:2 lle:1 Leu:1 Met:1 Arg:1 Ser:3  Ala:2 Cys:1 Phe:1 Gly:2 lle:1 Leu:1 Met:1 Arg:1 Ser.3
’ . Thr:2 Val:2 Trp:1 Thr2 Val:2 Trp:1
DEB 100.0 0.0 Ala:3 Cys:2 Phe:2 Gly:3 lle:2 Leu:1 Met:1 Arg:1 Ser'5  Ala:3 Cys:2 Phe:2 Gly:3 lle:2 Leu:1 Met:1 Arg:1 Ser5
’ : Thr:3 Val:3 Trp:1 Thr:3 Val:3 Trp:1
DBN 972 23 Ala:4 Cys:2 Phe:2 Gly:4 lle:3 Leu:2 Met: 1 Arg:2 Ser6  Ala:4 Cys:2 Phe:2 Gly 4 lle:3 Leu:2 Met 1 Arg:2 Ser.6
’ ’ Thr4 Val:4 Trp:1 Thr4 Val:4 Trp:1
DBV 9.3 37 Ala:3 Cys:1 Phe:1 Gly:3 lle:2 Leu:2 Met:1 Arg:2 Ser4  Ala:3 Cys:1 Phe:1 Gly:3 lle:2 Leu:2 Met:1 Arg:2 Ser4
- . Thr:3 Val:3 Trp:1 Thr:3 Val:3 Trp:1
DBD 963 37 Ala:3 Cys:1 Phe:1 Gly:3 lle:2 Leu:2 Met:1 Arg:2 Ser:4  Ala:3 Cys:1 Phe:1 Gly:3 lle:2 Leu:2 Met:1 Arg:2 Ser.4
’ ’ Thr:3 Val:3 Trp:1 Thr:3 Val:3 Trp:1
NBS 917 0.0 Ala:2 Cys:1 Phe:1 Gly:2 lle:1 Leu:3 Met:1 Arg:3 Ser:3  Ala:2 Cys:1 Phe:1 Gly:2 lle:1 Leu:3 Met:1 Pro:2 Arg:3
’ i Thr2 vai:Z2 Trp:i Ser:3 Thr.2 Vai:Z Trp:i
NBK 917 0.0 Ala:2 Cys:1 Phe:1 Gly:2 lle:1 Leu:3 Met:1 Arg:3 Ser:3  Ala:2 Cys:1 Phe:1 Gly:2 lle:1 Leu:3 Met:1 Pro:2 Arg:3
: " Thr:2 Val:2 Trp:1 Ser:3 Thr:2 Val:2 Trp:1
NEB 917 0.0 Ala:3 Cys:2 Phe:2 Gly:3 lle:2 Leu:4 Met:1 Arg:4 Ser5 Ala:3 Cys:2 Phe:2 Gly:3 lle:2 Leu:4 Met:1 Pro:3 Arg:4
’ : Thr:3 Val:3 Trp:1 Ser:5 Thr:3 Val:3 Trp:1
Ala:4 Cys:2 Phe:2 Gly:4 lle:3 Leu:6 Met:1 Arg:6 Ser6 Ala:4 Cys:2 Phe:2 Gly:4 lle:3 Leu:6 Met:1 Pro:4 Arg:6
NBN 896 21 The A NI~ 4 Ten-4 Crel The AN~ 8 Tewn-4

B

Library size: 7315

Expected coverage : 0.95

Probability of full coverage : 0

Codon usage : |Eschelichia coli K12 l v ]

[ 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
= optionally — energy minimization, backbone flexibility
= comparing structures of mutant and native protein -> assessment

of the mutational effect

0 Available tools
= PyMOL; FOLDX
= WhatlF; RosettaBackrub; ...

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 Movie Display i Mouse Wizard Plugin  Help
e
Appearance Unpick
Mutagenesic  * ;i : t Rebuild
Protein
Mucleic Acids

Pair Fitting

Filter
Sculpting

Label
Charge

Demo




o FOLDX

= http://foldxsuite.crg.eu/

= stand alone, with plug-in to Yasara modeling tool
= fast
= fixed backbone conformation

= construction of multiple mutants

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

Prediction of mutational effects - structure
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o FOLDX

File Edit Simulation

Analyze

Superpose
Align

Blast
RMSD of

Global djstance test of

Geomelry
Radius of
Rolamers of

VY V.V vVVYVY<VY

Energy

FoldX

Charge of

Dipole moment of

Solvent density

View Effects Options Window Help

Fix residues

Free residues

Repair object
Stability of object
Alanine scan of object

Energy analysis of object

Hydrogen bonds of object

Mutate residue

Mutale multiple residues

Sequence of

List

Coynt

Compare
Occupancy of
B-factor of
Secondary structure
Contacts between
H-Bonds between
Surface

Yolume of

Mass of

»
»
»
»
»
»
»
»
»
»
»
»

Check

b 4

d homology model
Save las! calculation
Configure plugin




0 WHATIF

= https://swift.cmbi.umcn.nl/servers/html/index.html

= web server for multiple purpose including mutagenesis
= very fast

= fixed backbone conformation

= construction of single mutants only

" no scoring function

Prediction of mutational effects - structure




0 RosettaBackrub

https://kortemmelab.ucsf.edu/backrub

web server primarily aimed to design protein backbone

slow

fixed or flexible backbone conformation (ensemble)
construction of multiple mutants

general scoring function for calculation of wild-type and mutant
stability (user has to calculate the difference)

visualization of possible mutants in Jmol

Prediction of mutational effects - structure 35



0 RosettaBackrub

UGsr RosettaBackalib

[ Other Semvices: Alanine Scanning |
[ briza | Logout)

[Home] [Documentation] [Reqister]
[Submit] [Queue] [MyAccount)

Submit a new job
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[ Smith and Kortemme, 2008 )
= One Mutation

= Multiple Mutations

\
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[ Smith and Kortemme, 2008 ) User Name ]— - =
= Backrub Ensemble Design o =
[ Friectand et al, 2008 ) Rosetta Version | GLN
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P 1
@ sequence Tolerance L2 GLY
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[ Humphris and Kortemme, 2008 ) General Sef LEU
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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 many tools

Prediction of mutational effects - pathogenicity




0 There are many more tools out there

Method Based on Training set Conservation analysis Structural attributes Annotations Website
MutPred RF HGMD, Swiss-Prot  SIFT, Pfam, PSI-BLAST Predicted attributes - http://mutpred. mutdb.org/
nsSNPAnalyzer RF SIFT Homologue mapping - http://snpanalyzer.uthsc.edu/
Panther Alignment Panther library, HMMs - - http://www.pantherdb.org/tools/
scores csnpScoreForm.jsp
PhD-SNP SVM Sequence environment, - - http://gper2biocomp.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://siftjeviorg/
sCores
SNAP NN PMD, neutral PSIC profiles, Pfam, Predictions = http:/frostlab.org/services/snap/
pseudo-mutations PSI-BLAST
SNPs&GO SVM Sequence environment, - GO http://snps-and-go.biocomp.unibo.it/

sequence profiles, Panther

snps-and-go/
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0 PredictSNP: http://loschmidt.chemi.muni.cz/predictsnp/

0 Combines many tools for Protein or DNA assessment of SNPs

I PH E D l 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.
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Home

PREDICTSNP'

Consensus classifier for prediction of
disease related amino acid mutations
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Insert protein sequence in FASTA format :
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User guide
« Link: PDF
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dataset
* 24,082 neutral/ 10,800 deleterious
s Links: XLS, dataset statistics

PMD testing dataset
- 1248 neutral /2,240 dalaterious
o Links: XLS, dataset statistics

MMP testing dataset
» 4458 neutral / 7 538 daletericus.
« Links: XLS, dataset statistics

OVERFIT testing dataset
« 15,081 neutral/ 17,805 deleterious

+ Links: XLS, dataset statistis




0 We can use mutagenesis to rationally design proteins

according to our needs (protein engineering)
0 Properties that can be modified by mutagenesis

" Function

= Ligand binging (e.g., catalytic activity or substrate selectivity)

=  Macromolecular interface
= Stability
= Solubility

Rational design of proteins 41



O Rosetta

» https://www.rosettacommons.org/

= Alarge suite of many tools to model structures
= Predicts free energy changes upon mutations (AAG)
= Monte Carlo sampling (random search) to predict

minimum-energy structure of mutants

= RosettaDesign webserver

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

= helps design mutations to optimize the

binding site and increase interactions

with a ligand/substrate

Rational design of proteins - binding or activity




0 PocketOptimizer

=  http://www.eb.tuebingen.mpg.de/birte-hoecker/algorithms-and-

software/pocketoptimizer.html

= Aimed at maximizing the affinity of

Side chain
conformer library

a binding site towards a ligand

=  Modular pipeline with different tools

Ligand conformer
& pose generation

 J

Y

= Docking, mutagenesis,

Packing energy calculation Binding score calculation
(AMBER)

(CADDSuite/Autodock Vina)

scoring function

" Predicts global minimum-energy

conformations among the designs

Calculation of minimum
energy conformations
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o Funclib

=  https://funclib.weizmann.ac.il/bin/steps

= utilizes evolution (conservation) and RosettaDesign (energy) to
introduce multiple-point mutations to modify the properties of the
binding site

" it can be used to improve the binding affinity towards a ligand

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

Rational design of proteins - binding or activity




o 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 3,3:

| Reset || Verify || Proceed |

Rational design of proteins - binding or activity
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a AffiLib

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

= utilizes RosettaDesign (energy) and evolution (conservation) to
introduce mutations and optimize macromolecular interface

= suggests mutations on interface positions for improvement of the
binding affinity

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

Rational design of proteins - interface




0 mutation Cutoff Scanning Matrix (mCSM-PPI12)

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

= 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
= systematic — position saturation (all interface residues are
mutated to all other 19 amino acids)

= alanine scanning (all interface residues are mutated to alanine)

Rational design of proteins - interface




0 Prediction of stability change upon mutation

= structure of mutant protein may not be produced
= tools often employ
= empirical scoring functions

®= machine learning approaches

o Available tools

= FOLDX, RosettaBackrub
= PoPMuSIC

= Hybrid tools for protein stabilization

Rational design of proteins - stability




0 Prediction of Protein Mutant Stability Changes (PoPMusSiC)

=  http://dezyme.com/

= uses four statistical potentials weighted on the basis of the solvent
accessibility of the mutated residue

= commercial

= three modes of calculations
= manual —selected set of single point mutations
= mutations list — evaluates list of mutations specified by the user

= systematic — protein saturation (all mutations at all positions)

Rational design of proteins - stability




O FireProt

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

= |n silico analysis of all mutations

= Energy- and evolution-based analyses Target protein ]

= Multiple-point mutants for gene synthesis

Rational design of proteins - stability




Improving protein stability

a FireProt

Viewer Visualization settings

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
PDB ID: | 4e46 4
Length: | 292
Evolution mutant: |-3.7 kcal/mol (6 mutations)

- .| -20.85 kcal/mol (8
Energy mutant: mutations)

Mutant designer

Original selection Save mutant

Download all designs (.zip)
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0 FireProtASR

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

= sequence-based stabilization: ancestral sequence reconstruction

= analysis of protein evolution and protein stabilization

? ASR
?{ FIREPROT v oo s o

{LY

Bubmit new job  Help Example Usecases Acknowledgement

SELECT THE STARTING POINT

SEQUENCE 5

USER DATA *
-

STARTING FROM SEQUENCE
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REFERENCE

Musil, M, Khan, R, Beier, A, Stourac,
J., Konegger, H., Damborsky, J.,
Bednar, D. 2020: FireProt-ASR: A Web
Server for Fully Automated Ancestral
< " jon. Briefings in

Bioinformatics, 2020, bbaa337.
’Pubmed ov[uaa:uss
USER STATISTICS
« Number of visitors: 7286
« Number of jobs: 2109
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a 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.
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0 Aggrescan3D

a 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 APSs

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

IEGEGEGRPYEGTQTAKLKVTKGGPLP- PVIVT  WWTVK
FAWDISPQFMYGSKAYVKHPADIPDYLKLSFPEGFKWE KVIVT  WTPT
RVMNFEDGGVVTVTQDSSLQDGEFIYKVKL PVTVT | vatvr  wve THR LYS
RGTNFPSDGPVMQKKTMGWEASSERMYPEDG ALK- VETVT  WTKT I:> —>
GEIKQRLKLKDGGHYDAEVKTTYKAKVQLPGAYN- VOTVT  WEVT ddG
VNIKLDITSHNEDYTIVEQYERAEGRHS TGGMDELYK - f
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