Homology 3D modeling
and effect of mutations



Determination of protein
structure

X-ray crystallography (70,714 in PDB)
eneed crystals

Nuclear Magnetic Resonance (NMR)
(9,312)

eproteins in solution

elower size limit (600 aa)

Electron microscopy (422)
el ow resolution (>5A)



Determination of protein
structure

resolution 2.4 A



Determination of protein
structure

resolution 2.4 A



Structural genomics

1 PDB at a Glance 35264 Distinct Protein Sequences | 27724 Structures of Human Sequences
7550 Nucleic Acid Containing Structures I More Statistics

Currently: 112K 3D structures fl
from around 36K sequences
46M sequences in UniProt

only 0.08%!

Yearly Growth of Total Structures

number of structures can be viewed by hovering mouse over the bar
Number
0 25,000 50,000 75,000 100,000
2015 |«
=
2014 |#

W Total ® Yearly




Structural genomics

1 PDB at a Glance 35264 Distinct Protein Sequences ‘ 27724 Structures of Human Sequences
7550 Nucleic Acid Containing Structures | More Statistics

Currently: 112K 3D structures
from around 36K sequences
46M sequences in UniProt

only 0.08%!
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50% sequences covered (25% in 1995)



3D structure prediction

Applications: target design
Query sequence

similar to

L G

catalytic center

known 3D model 3D by
homology



3D structure prediction
Applications: fit to low res 3D

Query sequence 1 Query sequence 2

low resolution 3D
(electron microscopy)



Domains

Protein domains are structural units
(average 160 aa) that share:

Function
Folding
Evolution

Proteins normally are
multidomain
(average 300 aa)




Domains

Protein domains are structural units
(average 160 aa) that share:

Function
Folding
Evolution

Proteins normally are
multidomain
(average 300 aa)




Domains

Query Sequence '
Predict domains L —— I

Cut -l

Similar to PDB No

sequence”?

2D Prediction
3D Ab initio
Yes 3D Threading

3D Modeling by homology



3D structure prediction
Ab initio
Explore conformational space
Limit the number of atoms

Break the problem into fragments of sequence

Optimize hydrophobic residue burial and pairing of
beta-strands

Limited success



3D structure prediction
Threading

I-Tasser: Jeffrey Skolnick & Yang Zhang

Fold 66% sequences <200 aa long of low homology to PDB

Just submit your sequence and wait... (some days)

Output are predicted structures (PDB format)

Lee and Skolnick (2008) Biophysical Journal
Roy et al (2010) Nature Methods
Yang et al (2015) Nature Methods



3D structure prediction
I-Tasser o

Structure reassembly

Structure assembly
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Template

Roy et al (2010) Nature Methods



3D structure prediction

I-Tasser

P
<
,*/ 5 A MMM SALALE BARNS

[=

v Option I: Assign additional restraints & templates to guide I-TASSER modeling.

(Read more exnlanation on how to add rectraintc)

Results of the I-TASSER server

(Models are kept on the server for 365 days)

<<<1234567891011121314151617181832021>>>

Click here to search targets in the - TASSER server database

ID Protein Name Length C-score Estimated TM-score Estimated RMSD{A) Submission date User's email address
543019  piDHFR 206 MA MA MA 2010-04-08 ¥ux@dug. edu

This job is running and should be completed in approximately 24hrs.

ID Protein Name Length C-score Estimated TM-score Estimated RMSD{A) Submission date User's email address
543018 FK17-2 218 A A A 2010-04-08 @berkeley.edu
This job is running and should be completed in approximately 24hrs.

ID Protein Name Length C-score Estimated TM-score Estimated RMSD{A) Submission date User's email address
543017 test1 245 A, A, A, 2010-04-08 xo@mdce-berlin.de

This job is running and should be completed in approximately 24hrs.

User's IP
165.190.44 xxx

User's IP
128.32.8.xxx

User's IP
B87.187 193 xxx

http://zhanglab.ccmb.med.umich.edu/I-TASSER/



3D structure prediction
I-Tasser

ID Protein Name Length C-score Estimated TM-score Estimated RMSD(A) Submission date User's email address User's IP
52 0.67 0.8040.09 1.541.4 2010-04-02 oo@ntu. edu.tw 140.112.94 300¢

Submitted Sequence
=ranr. nrntein

Top 5 Models predicted by I-TASSER
Top 10 templates used by I-TASSER

Rank PDB Iden1 lden2 Cov. Norm. Download

Hit Z-  Align. 2? 4l|3 6l|3
score
Sec.Str CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCHHHHCCCCCHHHHHHHHHHHHHHHEH
Seq MCNPSTTTTTTGSENQESRTGLFLDLFSINSFEP TKRNLRHCENRGSPLMAEAVTEAKSLF TLAF
1 1b3u& 011 019 094 1.11 Download ALGVERTRSETIYDEDEVLLGTFTTLVGGPEYVHCL--ESLATVEETVVRDKAVESLRAISHE-—
2 1b3uwd& 007 019 098 258 Download AAADGDDSLYLRNEDVQLRLNS IKKLGVERTRSELLPFLTDTIYDEDEVLLALAEQLPEYVHCLL
3 1b3uwd& 008 019 097 1.27 Download LTDTIYDEDEVLLALAEQLGTF TTLVGGPEYVHCLLPPLESLATVEETVVRDKAVESLRAISHEH
4 3dhd4s 010 018 087 1.08 Download @~ @ — ————————————————————————— (eleleleleleleleleleleleleleleleleaninpntiey |
5 lgzrd 008 017 1.00 2.48 Download APGNS TSKDLGTETYRPSCAE IPVNQUPEL IFQLV ANV TNPISTEHMKESTLEAIGYICQDID
6 lpwdd 009 019 080 1.18 Download @ @~ — —-——————————————c—— FKPAPHKARLPA——————————— AEIDPTYRRLRWQIFLGIFF
7 ldh& 009 020 092 242 Download @~ @~ — ————————————————————— AVVILIRAIPELTKLLNDEDQVVVNKAAVMVHQLSKKE L
8 lald 009 017 079 1.15 Download @ @~ —-—————————————- DEQMLKRRNVSNQGTVNUSVED IVKGINSNNLESQLQATQAARKLLSRQP
9 2bkuB 009 017 1.00 235 Download IDENTKLNELVSKDSVKTQQF TGAEQPCE- ADALVSSSNNGAQSTETSKAVRLAALNAL ADSKN,
10 lwa5C 008 0.18 1.00 227 Download TQDGAS TNLPUVYDENGNHLLPLASRLNDDMVRPLFRSDELFLE IKLVLDVF TAPFLNLLKTVD

moderti models mModels modelg Models



3D structure prediction
QUARK

@ 9 QUARK ONLINE

() %5 Qnitio Protein Structure Prediction

QUARK is a computer algorithm for ab initio protein folding and protein structure prediction, which aims to construct the correct protein 3D model from amino acid sequence
only. QUARK models are built from small fragments (1-20 residues long) by replica-exchange Monte Carlo simulation under the guide of an atomic-level knowledge-based
force field. QUARK was ranked as the No 1 server in Free-modeling (FM) in CASP9. Since no global template information is used in QUARK simulation, the server is suitable

for proteins which are considered without homologous templates.
Goto Job Q12270 to view an example of QUARK output. The description of predicted feature files can be seen in readme.txt.

Cut and paste your sequence (in FASTA format, less than 200 AA. Please submit bigger proteins to |-TASSER Server):

Or upload the sequence from your local computer:
Choose File | No file chosen

Email: (mandatory, where results will be sent to)

ID: (optional, your given name of the protein)

http://zhanglab.ccmb.med.umich.edu/QUARK/



3D structure prediction

GenTHREADER

David Jones http://bioinf.cs.ucl.ac.uk/psipred/
Input sequence or MSA

Choose Prediction Methods

PSIPRED v3.3 (Predict Secondary Structure) DISOPRED3 & DISOPRED2 (Disorder Prediction)

¥ pGenTHREADER (Profile Based Fold Recognition) MEMSAT3 & MEMSAT-SVM (Membrane Helix Prediction)
BioSerf v2.0 (Automated Homology Modelling DomPred (Protein Domain Prediction
d £ edicti READ d Fol 9
E TM Topolog d ackin D HREADE dC
C d lodell b logy)

Input Sequence (Single sequence or Multiple Sequence alignments; as raw sequence or fasta format)

Typically 30 minutes, up to two hours
GenTHREADER Jones (1999) J Mol Biol



3D structure prediction

GenTHREADER

Output GenTHREADER

z00
CCCCCCCC

Conf. Net p-value PairE | Soly 1vasso

Score Query

lwaSEOD
Query

lwaSEOD
Query




3D structure prediction
Phyre

http://www.sbq.bio.ic.ac.uk/phyre2/

Ke”ey et al (2000) J Mol Biol B 7_) Subscribe to Phyre at Google Groups
Kelley and Sternberg (2009) / et

Visit Phyre at Google Groups
Nature Protocols

Protein Homology/analogY Recognition Engine V 2.0

L0 ~@

What's New in Phyre2

E-mail Address
Optional Job description

Amino Acid Sequence ®

WG R eS8 8 Normal @ Intensive O

R 7t ()

Processing time can be hours




3D structure prediction
Static solutions

Datasets of precomputed models /
computations

Not flexible
Variable coverage

But you don’t have to wait



3D structure prediction
MODbase

Andrej Sali http://modbase.compbio.ucsf.edu/

e A
mg * ModBase: Database of Comparative Protein Structure Models

ModBase Home  ModBase Datasets for User:Anonymous  User Login Help News Contact Current Datasets

e General Information

e Statistics and ModBase is a database of comparative protein structure models, calculated by our modeling pipeline ModPipe.
Genome Datasets

e News

e Project Pages

¢ Authors and Search type @ Model(Default) E] Display tye= @ [ \1odel Detail (graphical) E
Acknowledgements

¢ Publications To include the academic (comprehensive) dataset, go to 'Current Datasets'!
¢ Related Resources

All available datasets are selected g

Please address inquiries to:
modbase@salilab.org Search by properties

P v =
rop=rty @ [Database Accession Number [~

MODBASE contains

theoretically calculsted Organism ALL E or
models, not experimentally

determined structures. The

models may contain

significant emors. Advanced search

Pieper et al (2011) Nucleic Acids Research



3D structure prediction
MODbase

Go to Model Overview

Search Summary

Search Input:database_id: sorc3_human

Organism(s):

Perform Action on Selected Model(s) @’ Check model(s), then select option

| Check All | [ Uncheck Al |

TARGET
Model

Con

5 O

SR
e

(¥
O

Model/Fold Sequence Database Annotation
For Icon @ Reliability @ Database

vps10 domain receptor
protein
sorcs 3 (sorcs3)

vps10 domain receptor
protein
sorcs 3 (sorcs3)

vps10 domain receptor
protein
sorcs 3 (sorcs3)

Organism

Homo sapiens

[~] [Search]

Size

1222

1222

1222

MODEL DATA TEMPLATE
Protein Modeled Size Seq PDE PDB
Segment I1d(%) code Segment
158-643 446 16.00 1sqgjA 8-581
798-915 118 35.00 1wgoA 5-122
188-712 515 12.00 1sgjA 8-730

1 match found.

PDB Comment

crystal structure
analysis
of oligoxyloglucan
reducing-end-specific
cellobichydrolase
(oxg-rcbh)

solution structure of
the pkd domain from
human vps10
domain-containing
receptor sorcs2

crystal structure
analysis
of oligoxyloglucan
reducing-end-specific
cellobichydrolase
(oxg-rcbh)



3D structure prediction
Protein Model Portal

PSI| | The Protein Model Portal

Home Interactive Modeling Quality Estimation Protein Modeling 101 More ~

Welcome to the

Protein Model Portal (PMP)

PMP gives access to various models computed by comparative modeling methods provided by
different partner sites, and provides access to various interactive services for model building

TorSten SChwede and quality assessment

Search % Examples: [UnIProt AC) [UniProt ID) [RefSeq) [PDBID) [Sequence) [Free Text)

Haas et al. (2013) Database



Sean O’'Donoghue

Aquaria
http://aquaria.ws/

3D STRUCTURE TET1_HUMAN sequence aligned onto TET2 structure from PDE 4nm6-A (64%

SIAQUARIA B

Updated: 1 Jan 2015 Representation

Synonyms: TET1_HUMAN,
Methylcytosine dioxygenase TET1,
CXXC-type... [+]

Gene: TET]

Homo saplens, Human

FUNCTION: Dioxygenase that
catalyzes the conversion of the
modified genomic... [+]

CATALYTIC ACTIVITY:

= DNA 5-methylcytosine + 2-oxoglutarat
+ 0O(2) = DNA 5-
[+

COFACTOR:

= Binds 1 Fe(2+) ion per subunit

« Binds 3 zinc ions per subunit. The
[+]

SUBUNIT: Interacts with HCFC1 and

SELECTION

A L(1340)

more details (5)

| MATCHING STRUCTURES (151

65% D

34% o
26% 1] ID

O’Donoghue et al (2015) Nature Methods

ABOUT PDE 4nmb

€ Biological Assembly £

Crystal structure of TET2-DNA
complex: insight into TET-
mediated SmC oxidation.

Hu et al., Cell 2013)

Abstract: TET proteins oxidize 5
methylcytosine (SmC) on DNA
and play important roles in
various biological processes
Mutations of TET2 are frequently
observed in myeloid malignance
Here, we present the crystal
structure of human TET2 bound
to methylated DNA at 2.02 A
resolution. The structure shows
that two zinc fingers bring the
Cys-rich and DSBH domains
together to form a compact
catalytic domain. The Cys-rich
domain stabilizes the DNA above
the DSBH core. TET2 specifically
recognizes CpG dinucleotide and
shows substrate preference for
SmC in a CpG context. SmC is
inserted into the... [+]

Determined by: X-ray diffraction
at 2.03 A resolution

Chain A: TET2 (Methylcytosine
dioxygenase TET2)

_@

mey ()
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_O



S14AQUARIA

Updated: 3rd Feb 2015

Synonyms: TET1 _HUMAN
Methylcytosine dioxygenase TET1,
CXXC-type... [+]

Gene: TET)

Homo sapiens, Human

ABOUT TLTI HUMAN

FUNCTION: Dioxygenase that

catalyzes the conversion of the

modified genomic... [+]

CATALYTIC ACTIVITY:

» DNA 5-methylcytosine + 2-oxoglutarat
+ 0(2) = DNA 5-
[+]

COFACTOR:

» Binds 1 Fe(2+) ion per subunit

» Binds 3 zinc ions per subunit. The
[+

SUBUNIT: Interacts with HCFC1

more details (5)

65%

64%

34%

26%

3D STRUCTURE TET1_HUMAN sequence aligned onto TET2 structure from PDB 4nm6-A (64% sequence identity) 2

Aquaria

Representation

SELECTION

A- K(1453)

| MATCHING STRUCTURES

' ¥ v

(15 @

v v

ABOUT rOB anme

€ Biological Assembly 7d

Crystal structure of TET2-DNA
complex: insight into TET-
mediated SmC oxidation.

Hu et al., Cell (2013)

Abstract: TET proteins oxidize 5
methylcytosine (SmC) on DNA
and play important roles in
various biological processes
Mutations of TET2 are frequently
observed in myeloid malignance
Here, we present the crystal
structure of human TET2 bound
to methylated DNA at 2.02 A
resolution. The structure shows
that two zinc fingers bring the
Cys-rich and DSBH domains
together to form a compact
catalytic domain. The Cys-rich
domain stabilizes the DNA above
the DSBH core. TET2 specifically
recognizes CpG dinucleotide and
shows substrate preference for
SmC in a CpC context, SmC is
inserted into the... [+]

Determined by: X-ray diffraction
at 2.03 A resolution

Chain A: TET2 (Methylcytosine
dioxygenase TET2)
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Aquaria

3D STRUCTURE

FEATURES
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o AQUARIA |

d: 3rd Feb 2015

e N
Synonyms: TET1 _HUMAN
Methylcytosine dioxygenase TET)
CXXC-type.... [+]

Gene: TET

Homo sapiens, Human

FUNCTION: Dioxy
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+0(2)=DNA S
[+]

COFACTOR:

» Binds 1 Fe(2+) ion per subunit

« Binds 3 zinc ions per subunit. The
[+]

SUBUNIT: Interacts with HCFC1

more

65%

64%

Representation

SELECTION

A- K(1453)

Inferred from InterPro motif similarity (polypeptide domain)

Molecule processing (mature protein region)

Region (polypeptide domain)

Region (polypeptide region)

Site (metal contact)

@)y FEATURES

Aquaria

Click to load feature into 3D view, hover over
features to see detailed info

20GFeDO domain, nucleic acid-modifying type @&
(Residues 1580-2052)

Q) IBiological Assembly

Crystal structure of TET2-DNA
complex: insight into TET-
diated 5mC oxid

Hu et al, Cell (2
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methylcytosine

e o nan

ylated DNA at 2

ution. The structure s

that two zinc fingers bring the

main stabilizes t

e DSBH core. TET2

INA above

fically

nserted into the... [+

Determined by: X-ray diffraction

3AT

at 2.0

Chiain A: TET2 (Methylcytosine



Exercise 1/4

Starting aquaria
(May require a Java update)

Works best in Firefox (in Chrome with reduced functionality)
Open Firefox mit JRE (from ZDV)

Go to http://aguaria.ws

Run an example. If JAVA blocked unblock it at the plugin icon

¥ Aguaria: TP53, 93% Sequen... + 9 Aquaria: TPS3, 93% Sequen... +
€ B aquaria.ws/P04637/3q01/A € o aquaria.ws/P04637/3q01/A
& Most Visited Getting Started PubMed \ S N A

Firefox has prevented the unsafe plugin "Java™ from
Homo sapiens, Human A
running on aquana.ws. VWhats the K
[ .
E FUNCTION: Acts as a tumor E Allow Now Allow and Remember
i, voe merianh arencr r.a



Exercise 1/4

Starting aquaria
Note that aquaria.ws requires that two java plug-ins that
need to be allowed to run

2 Seiteninformationen - http://www.aquaria.ws/ - O

o I 1

Allgemein  Medien  Berechtigungen Sicherheit

Berechtigungen fir: www.aquaria.ws

Plugins verwenden “
Adobe Acrobat (® Standard verwenden () Jedes Mal nachfragen () Erlauben
Adobe Flash (® Standard verwenden () Jedes Mal nachfragen () Erlauben
Google Update (® Standard verwenden () Jedes Mal nachfragen () Erlauben
Java (O Standard verwenden () Jedes Mal nachfragen (® Erlauben
Java — Verwundbares Plugin! () Standard verwenden () Jedes Mal nachfragen (® Erlauben
Microsoft Office (® Standard verwenden () Jedes Mal nachfragen () Erlauben
Microsoft Office (® Standard verwenden () Jedes Mal nachfragen () Erlauben
Silverlight (® Standard verwenden () Jedes Mal nachfragen () Erlauben



Exercise 2/4

Comparing different matches in Myosin X

You can load a protein by its UniProt ID

Try Myosin X: http://aquaria.ws/Q9HD67/

Zoom in and out using the mouse wheel (or with shift and drag up and
down).

Rotate by click and drag

Click on a residue to select. Shift + Click selects a range. Esc clears the
selection.

Double click on a residue centers the molecule on it.
Right click and drag moves the molecule laterally

Compare the different hits with domain annotations using the feature view



Exercise 3/4

Comparing different matches in the human MR

Type NR3C2 in protein name (human mineralocorticoid receptor)
Note and compare the multiple hits.

Which proteins are those?

What do they match in the human mineralocorticoid receptor?

(Use the Features VieW) —

The further down D . .S
the less similar are ——g Q
the proteins

compared. This is n Deslrch @

represented by a

darker color. D 0 e a5

bl @R

wime




Effect of mutations



Polyphen2

PolyPhen-2 (Polymorphism Phenotyping v2) is a tool which predicts possible impact of an amino acid substitution on the structure and function
of a human protein using straightforward physical and comparative considerations. Please, use the form below to submit your query

15-Feb-2012: PolyPhen-2 server has been updated to utilize version 2.2.2 of the software, protein sequences from UniProtKB/UniRef100
Release 2011_12 (14-Dec-2011), structures from PDB/DSSP Snapshot 03-Jan-2012 (78,304 entries) and UCSC MultiZ multiple alignments of 45
vertebrate genomes with hg19/GRCh37 human genome (08-Oct-2009)

Query Data
Protein or SNP identifier

Protein sequence
in FASTA format

Position

AAfIARNDCEQGHILKMFPSTWYYV
Substitution
AAARNDCEQGHILKMFPSTWYYV

Query description
Submit Query Clear Check Status

Display advanced query options

http://genetics.bwh.harvard.edu/pph?2/




Polyphen2

Training

3,155 mutations
causing
Mendelian
disease

Disease protein Human protein
MSDFGARDFG... MSDFGASDFG...

6,321 mutations
Versus
mammalian
homologs

13,032 mutations
causing disease
(UniProt)

Mouse protein
MSDFGATDFG...

8,946 mutations
not causing
disease

Disease protein
MSDFGARDFG...

-

Human protein
MSDFGASDFG...

Human variant
MSDFGAADFG...

mildly deleterious



Polyphen2
PSIC Score

Low score  High score

Reference EGKLOVQOGTGRFISR
DGNLHVNQGMGRFIPR
DGNLHVNKGMGRFIPR
DGNISVSKGMGRFIPR
Likelihood of an amino DGNISVSKGMGRFIPR
acid to occupy a specific EGTLHTTEGSGRFISR
position in the protein EGTLEATRESGRYIPR
sequence given the pattern DGNLEVTERSGRYIPR
. ) .. DGTLHVTEGSGRYIPR

of amino acid substitutions

_ _ DGTLHVTEGSGRYIPR
observed in the multiple DGTLHVTEGSGRY I PR

sequence alignment DGNLHVSQGSGRFVPR
DGNLEVTEGSGRFVPR
DGKMEVTPGAGRFVPR
DGNLLVTPGAGRFIPR
DGNLLVTPGAGRFIPR
DGTLSVMEGSGRFIPR
DGNLHATSGTGRFEIPC

Homologs



Polyphen2
Usage

Query Data
Protein identifier

I0H4496 ﬂ
- MSYQGKKSIPHITSDRLLIKGGRIINDDQSLYADVYLEDGLIKQIGE
Protein sequence NLIVPGGVETIEA

in FASTA format |\ NGRMVIPGGIDVNTYLQKPSQGMTAADDFFQGTRAALVGGTTMIIDH _|
VYPEPGSSLLTSF

Position 115
AAM{ARNDCEQGHILKMFPSTWYYV

Substitution S
ALARNDCEQGHILKMFEFPSTWYWY

Query description test
Submit Query| |Clear| |[Check Status

Display advanced query options



Polyphen2

PolyPhen-2 report for Q14194 S115A
Query

Protein Acc Position AAq AAz Description
RechMame: Full=Dihydropyrimidinase-related protein 1, Short=DRP-1; AltName: Full=Collapsin response

Q14194 115 S A mediator protein 1; Short=CRMP-1; AltName: Full=Unc-33-like phosphoprotein 3; Short=ULIP-3; LENGTH: 572
AN
Results
Prediction/Confidence PolyPhen-2 v2.0.23r349
HumDiv

This mutation is predicted to be  BENIGN  with a score of 0.020 (sensitivity: 0.95; specificity: 0.75)

0.00 0.20 0.40 0.60 0.80 1.00
HumVar
Details
[+] Multiple sequence alignment UniProtKB/UniRef100 Release 2010 _11 (02-Nov-2010)
3D Visualization PDB/DSSP Snapshot 09-Nov-2010 (69162 Structures)

ivan adzhubey hiobyte solutions



[=] Muiltiple sequence alignment

QUERY

sp | UPINOO1D3675CHL
“lelhhHlnl

sp | QOVOWZ#1

sp |UPION0054533C#1
“le;_PJhnl

sSp | ':;:"_." - Jlnl

"I_l | I'_'l':”_[ I"-'u.ltil
splO02675#1

sSp |UPIO0D0OO4EBE3EB1#1

sp |UPIONO01CES

c0#1

sp |UPIOOD17FOZFE#H1
sp |O08553#1
*leJ.ETﬂﬁl

p | |'_'x’_" 18G2#1
“p|UPIDDD1h 236aH1
spl Q1655541
sp |UPIODDD0DEZ 19E741

Polyphen2

UniProtKB/UniRef100 Release 2010_11 (02-Nov-2010)

-~
5= PP — €5 5 N TS ——— Kl ]
3-Q PlgP— €S| = 1 TS)——— Kl 1=}
¥-LEg S TLiany QGTF (VPDP-ES) N |fna )@ ———Ki =]
¥-Liag PDP-E5| N nnS Clasd———Kli 5]
Y-LIETPPV|RNY QGThﬁhL GGTTMIIDH'TPQP— D| G|IRFEENRH——— K} ]
P NG IRAYD D FWMOGTKAAT AGGTTMI IDHViR0) SgGiv] (e} [T, T)AA F E bt 1110, 1=}
E-Q SADDFIFOGTKAATAGGTTMI IDHVESSE) SadGi [S] [LLkA F ) it Ol R ETWA DK
1O GMTSADDFIJOGTKAAT AGGTTMI ID HVESSE| SuiGil |5| [LL LA F | b O R ETWA D K
D-0Q SADDFIFOGTKAATAGGTTMI IDHVESSE) SalGil [S] [L LA F I g Ol R ETWA DK
D-Q SADDFJOGTKAATAGGTTMI IDHVISZE) SuGy |5 [ LHB F )0t O R ETWA DK
D0 SADDFIFOGTKAATAGGTTMI IDHVESSE) Gl [S] [ LHAFQTA]F.EWAD ]
e GMTSADDFIJOGTKAAT AGGTTMI IDHVESHE) Sl |5] [LL FD--'QWREWADS 5]
D-0Q SADDFIFOGTKAATAGGTTMI IDHVESSE) SalGil [S] [L LA F I g Ol R ETWA DK
D-Q SADDFJOGTKAATAGGTTMI IDHVISASE) SuGl | 5] LI F) ) ittt QT R ETiA D KIS
E-Q SADDFIFOGTKAATAGGTTMI IDHVESSE) Gl [S] [LL B.FQTA]FEWAD ]
N AGENAATD DF[EOGTKAANNGGTTMI I D HVNI®:BG || LLHA F Egiild
D-Qeag) SBDDFFQGThﬁhLAGGTTMIIDHV PﬁP— T |1ans hFD———QWREWADS
D= PIP-[ETIF 2 INAD — — — [ AANNS d



Polyphen2

[—=| 3D Visualization PDB/DSSP Snapshot 09-Nov-2010 (69162 Structures)

EntrylD: 1KCX
ChainlD:

m

1

il

Residue: Ser11!

)
L

Identity: 97.1%

Overlap: 83.2% (476 aa)

Zoom into mutation Reset view View size; 4 =




Exercise 4/4
Study the effect of mutants with Polyphen2

Let’s see if you can design a damaging and a benign mutation for
human myosin X (open in chimera PDB 3PZD to view and select
candidate mutations; pick from chain A).

*Go to the Polyphen2 home page: htip://genetics.bwh.harvard.edu/pph2/

*Type the UniProt id of the protein sequence “Q9HD67” in the Protein
|dentifier window. Type the position of your candidate for a damaging
mutation. Select in AA1 the type of amino acid at that position. Now, select
an amino acid to mutate to. May be try one with a large side chain, or if the
wild type one was hydrophobic, try a hydrophilic one. Be nasty! Then hit
Submit Query.

What result did you get? Is it close to one?

*Try your benign mutation in the same way. This time may be
choose to mutate to a similar residue to the wild type one. Be
gentle! Then hit Submit Query.

What result did you get? Is it close to zero?



