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| threading

Speciation

Gene duplications
Wi
| Important goal to have
at least one structure
Convergent .
evolution to in all struc.;t.ural
the same superfamllles!
fold?
Ao |
t _* Structural Genomics

\‘v"kﬂ Wy ’? ,g» gh. ; g#ﬂ ;5 ',, ,} Q”’? Initiatives

uuuuu
Pa-AGOG L AlKA Yeast Oggl Human Oggl Mouse Oggl

* All proteins (actually domains) in a superfamily have the same overall structure/fold
* If we know (from experiment) the structure of one protein* in a superfamily we may
use the information in this structure to model the structure of all other proteins in this
superfamily
* Knowledge-based modeling

» Based on structures in the PDB (i.e. they are not ab initio)

 Homology modeling
* When there is significant sequence identity between the protein you want to

model (target) and the known structure (template)

* Threading
* When there is no or little sequence identity between target and template
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PSI| nature

StructuralBiologyKnowledgebase Traditionally:
solve the structure
of a protein only

Home Resource Hubs ~ Current Focus ~ Services ~ About Us ~ Contact Us

' by sequence ) by text ~
Search m
) by pdb id () by uniprot ac v b after thorou g h
biological analysis
Current Focus Membrane Proteome: A Cap on Transport (yea rs Of
Structural and biophysical analyses of a membrane carrier ectodomain reveal Collaborative Network hl?
Membrane Proteome a Ca**-dependent switch that regulates ATP flux across the mitochondrial old Ve e researcn )
inner membrane. -~ Explore here
(] Featured System ,
Read More
(=] Research Advances Publications
Membrane Proteome: Pumping Out Heavy Metal
+ Technical Highlight Crystal structures of a heavy-metal effiux pump reveal intermediate transport FEENELD :j“r"‘:)?_“ ‘;_"er QESThpeS;
S reviewed publications B .
e Here: solve
TR structures of lots

Latest News

of proteins with

Discoveries Structural Targets W : Structure, Sequence & - NEws from fhe Protein Structure
3 Struc g ; ) L .
; e [ Initiative and Nature emphaS|S On
Community Nominations those that a re
Membrane Proteins < LS Homology Models =-—7Hll Mcthods & Technologies Nominate proteins for structure Ilkely to have a
[ determination by the PSI
new fold
SBKB Tools
Latest PSI Results Latest Structures See all recent structures Sequence Analysis: Use PSI fools to
evaluate your constructs for structure
New structures last month 28 U Centers: GPCR determination
Total structures io date: 6528 3 2? PDBID: 4NTJ Functional Sleuth: See progress in
e i i i i characterizing structures of unknown
Total distinct structures: 5399 Ko gtructure of the human P2Y12 receptor in complex with an antithrombotic ? 9
B g function
Total community structures: 564

Visualization Tool: See charts of
functions of determinated structures
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PSI
o e

Structure Galler

* XML Files = Target List = Progress = Statistics + Login + Site Slearl::h:ﬁT

APCO06 [ref]
1SQE ident: 23.9%
annotation

APCOL4 [ref]
IEYT ident: =20%
annotation

APC047 [ref]
1JQ3 New Fold
annotation

GALLERY OF MCSG STRUCTURES IN PDB

959 targets in PDB (28 new folds)

APCOI0 [ref]

APCO00T APCO08 APCO09 [ref] APC012 [ref]
1XBW ident: 64.5% 2AP3  idenmt: =20% 1P20  jdent: <20% INGS New Fold 1KR4 ident: <20%
annotation annotation annotation annotation annotation

APCO3T [ref] APCO38 [ref] APCD42 APCO46
1EXT  ident: 100% IMGY  ident: =20% IWPE idemt: =20% 1EUT ident: =20% 1JI0  idemt: 33.5%
annotation annotation annotation annotation annotation

APCO48 [ref]

APCO50 [ref] APCO63 [ref] APCO064 [ref]
IMEM  ident: <20% 1T57 ident: <20% 1ET?  idemt: <20% IMET ident: 30% 1M33  ident: 26.2%
annotation annotation annotation annotation annotation

I B Sl ..
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GALLERY OF MCSG STRUCTURES IN PDB

939 targets in PDB (28 new folds)

APCO06 [ref]
1SQF ident: 23.9%
notati

annotation

APCO0T APCO03
IXBW ident: 64.5% 2AP3  ident: <20%

APCO38 [ref]
IM6Y  ident: =20%

Archaeoglobus fulgidus DSM 4304
protein AAB89001.1 has a new fold
determined by the MCSG (2PHN/2G9l)

APCO48 [ref]

AP
1JQ3 New Fold IMEKM  ident: <20% 57 ide
annotati i annotatio

10 yrs ago: “Only” 3D structures for proteins that had been studied a lot
Now: many 3D structures for proteins with unknown function!

PSI concluded in 2015 (7000 structures)
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» Based on: during evolution, structure is more Evolution is the history!
stable and conserved than the associated
sequence

Sequence identity
implies structural
similarity !

 Similar sequences give nearly identical structure
» Distantly related sequences fold into similar
structures

Percentage sequence identity

L - 0 . . . LA B B L B B B S SN L S R L BN B
20 BQ %o identical residues to a known A S T L s
(eXpe Il mental ) StrU CtU re Number of residues aligned

_ _ B. Rost, Prot. Engin. 12, 85 (1999)
|:> Might be able to predict the 3D structure

with some confidence
» 30% sequence identity necessary (in

textbooks)
Known (experimental) « My experience: Might get reasonable
structure of protein 1 results also at 20% or even below
template * Depends on
(& plate) Model of « Many indels or not?
protein 2 * Length of alignment
Sequence alignment with « Automatic or manual modeling?

protein 2 (target)
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Start with a protein sequence (target)

1. Template selection:

— Find template in PDB and align
seqguences

2. Correct alignments
— Use the best MSA programs

— Correct placement of insertions
and deletions

3. Backbone model building
4. Model loops and side-chains
— Rotamer libraries

— Loop modeling using database
or ab initio method

5. Refine and optimize model
6. Validate and check model quality!
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Start with a protein sequence (target)

I want to model this!

>gi| 84618885 |emb|CAJ31885.1| methylpurine-DNA
glycosylase [Bacillus cereus]
MHPFVKALQEHFIAHKNPEKAEPMARYMKNHFLFIGIQT
PERRQLLKDVIQIHTLPDPKDFRIIVRELWDLPEREFQA
AAILDMMOKYKKYINETHIPFLEELIVTKSWWDTVDSIVP
TFLGNIFLOHPELISAYIPKWIASDNIWLORAAILFQLK
YKOKMDEELLFWVIGQLHSSKEFFIQKAIGWVLREYAKT
KPDVVWEYVONNELAPLSRREAIKHIKENYGINNEKIGE

TLS
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Do sequence search in all “PDB
sequences”

1. Template selection: . Useful templates have 30% or
[ ] . h- h 'd .
— Find template in PDB and { pao et ot cometimos coen

target (but sometimes even
sequences lower)
e Several templates?
* Resolution?
« Highest sequence
identity?
e Cofactors?
e Use the structure that
best fits your task




1.

Homology modeling

Jon K. Leerdanhl,
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Template selection:

— Find template in PDB and align
seqguences

Sequence alignment
Bc_AlkD MHPFVKALQEHFIAHKNPEKAEPMARYMKNHFLFIGIQTPERRQLLKDVIQIH]
EF3068 -——————-—- MDTLOQFOKNPETAAKMSAYMKHOFVFAGIPAPERQALSKQLLKES]

s sekkkk % ke hkhkhosokek *k oskhkkes * KXo

Bc_AlkD FRIIVRELWDLPEREFQAAALDMMOKYKKYINETHIPFLEELIVTKSWWDTVDSIVPTFL 120
EF3068 LCQEIEAYYQKTEREYQOYVAIDLALONVOQRFSLEEVVAFKAYVPQKAWWDSVDAWRKFFG 122

%k %k ok %k ok o . ° o o . ko kkkokk o *
L] L] L] L] L] . L] . L]

Bc_AlkD GNIFLQHPELISAYIPKWIASDNIWLOQRAAILFOLKYKQKMDEELLFWVIGQLHSSKEFF 180
EF3068 SWVALHLTELPT-IFALFYGAENFWNRRVALNLOLMLKEKTNODLLKKAIIYDRTTEEFF 171

o 8 @3 ks, Bo 8 o088%WREW Bgwowg W ek gosk* o * HIEE IR
Bc_AlkD IOKAIGWVLREYAKTKPDVVWEYVONNELAPLSRREAIKHIKENYGINNEKIGETLS 237
EF3068 IOKAIGWSLROQYSKTNPOWVEELMKELVLSPLAQREGSKYLAKASE-————————— 217

kkhkkhkkhkkhkhk khkeoekekkeke %k k oo keoekkeook%k * e o °
L] L] . L] e o o L] e o L] e o o

Alignment of the sequences of B. cereus AlkD (target) and E. faecalis hypothetical protein
EF3068 (template from MCSG).
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Obtaining the correct alignment
is the most important step!! in
homology modeling

FIRST: Align target, template
and a large number (50-1007?) of
homologs with Praline, T-
Coffee, Muscle or a different

. good MSA program
2. Correct alignments

— Use the best MSA progran Use target/template alignment

. from this MSA
Careact placement of inser

Check indels! tletions SECOND: Look at the template
structure and move all indels

Sequence alignment
Bc_AlkD MHPFVKALQEHFIAHKNPEKAEPMARY °* O loops

EF3068 -—————--- MDTLQFQKNPETAAKMSAY e out of helices/sheets

skkkx % * e K

Bc_AlkD FRTIVRELWDLPEREFQAAALDMMQKYKKYINETHIPFLEELIVTKSWWDTVDSIVPTFL 120
EF3068 LCQLIFA;!QKTERL"“YVAIDLALQNVQRFSLEEVVAFKAYVPQKAWWDSVDAWRKFFG 122
Jkkkek _mnsks . : s Kkekkkaskks *
Bc_AlkD GNIFLQHPELISAYIPKWIASDNIWLQRAAILFQLKYKQKMDEELLFWVIGQLHSSKEFF 180
EF3068 SWVALHLTELPT- IFALFYGAANFWNRRVALNLQLMLKEKTNQDLLKKAIIYDRTTEEFF 171

. o * * %o e . ekek ok ke ok% ek s ekk o ¥ e eskk%k
Bc_AlkD IOKAI GW‘V'LD“'VBV”KPDWWEYVQNNELAPLSRREAI KHIKENYGINNEKIGETLS 237
EF3068 IOKAIGWSLRQYSKTNPOWVEELMKELVLSPLAQREGSKYLAKASE—————————— 217
khkkkdhdk *kokoekkoke * % o9 kekkookk koo

Alignment of the sequences of B. cereus AlkD (target) and E. faecalis hypothetical protein
EF3068 (template from MCSG).
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Obtaining the correct alignment

ant step!! in

10 20 ' 30
XP_968170_Tribolium_castaneum .L GEIF GmM I VlF;T - ILE\I:MII L.
Q4JIV3_Lymnaea_stagnalis LG FGRVMLV EN ML
R§> t, template
(50-1007?) of

, . o
Where is the correct position of the gap*” ine, T-

A different
30

10 20
1 1
XP_968170_Tribolium_castaneum .L GEIF GmM I v.: Tlf\mMI [ L.
Q4JIV3_Lymnaea_stagnalis LG FGRVML YV EN M| L

e alignment

The MSA gives the answer!!

e template
all indels
Homolog2_Petromyzon_marinus
ENSCJARPO0000040924_Callithrix_jacchus
P22612_Homo_sapiens heets

DSIVPTFL 120
DAWRKFFG 122
* e *

LHSSKEFF 180
DRTTEEFF 171

-:::***

ENSTRUPO0000015108_Takifugu_rubripes

BC VLOWVEETR GETLS 237

EF3068 IOKAIGWSLRQYSKTNPOWVEELMKELVLSPLAQREGSKYLAKASE--—=—————- 217

X oekk o o kk * o o .
. o e . o e

kkhkhkkhkkkhk *khoekekkeoekeoe Kk %k o oo
L] L] L] L] e o o

Alignment of the sequences of B. cereus AlkD (target) and E. faecalis hypothetical protein
EF3068 (template from MCSG).
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Sequence alignment \
Bc_AlkD MHPFVKALQEHFIAHKNPEKAEPMARYMKNHF] ?\\:
EF3068  -----——- MDTLQFQKNPETAAKMSAYMKHQF] \ O )

° ° ekkk%k * * o *k%k o ok
L] L] L] L] L] e o

Bc_AlkD FRIIVRELWDLPEREFQAAALDMMQOKYKKYI
EF3068 LCOEIEAYIQKTEREYCVVAIDLAL

Py o o * %k % o % * %k o
BC_AlkD GNIFLOHPELISAYIPKWIASDNIWLORAAIL .
EF3068 SWVALH-LTELPTIFALFYGAFNFWNRRVALN]I \

:2 (:()FFEB .« 3 %3 Tl t. 3 LLitkok gk kg ,
- BC_AlkD IOKAIGWVIREYAKTYVVWEYVONNELAPL /*
_ LJE; EF3068 IOKAIGWSLROQYSKTNPOWVEELMKELVLSPL,]

* %k %k %k k%% **:*:**:*: * % s *:**

. CO CORRECTED Alignment of the sequences of B. cere
hypothetical protein EF3068 (template from MCSG).

Template
ang uereuorts P
Sequence alignment
Bc_AlkD MHPFVKALQEHFIAHKNPEKAEPMARYMKNH TPERROQLLKDVIQIHTLPDPKD 60
EF3068  ———————-- MDTLOQFOQKNPETAAKMSAYM GIPAPERQALSKOLLKESHTWPKEK 52
3 8 HEGE R *2 3o
Bc_AlkD FRIIVRELWDLPEREFQAAALD INETHIPFLEELIVTKSWWDTVDSIVPTFL 120
EF3068 LCOEIF LI YOKTEREYDVVAI VORFSLEEVVAFKAYVPOKAWWDSVDAWRKFFG 122
3 8 o HE - L g 3 8o o 8 88 g *Fokkkgkkyg *

Bc_AlkD GNIFLQHPELISAYIPKWIASONIWLOQRAAILFOLKYKQKMDEELLFWVIGQLHSSKEFF 180
EF3068 SWVALHLTELPT-IFALFYGAEANFWNRRVALNLOLMLKEKTNODLLKKAIIYDRTTEEFF 171

o 83 *ka, S 2 Lotk ek ok kg gk* ek goak* o * HE R
Bc_AlkD IOQKAIGWVLEPRVAVTHPDVVWEYVONNELAPLSRREAIKHIKENYGINNEKIGETLS 237
EF3068 IOKAIGWSLRQYSKTNPOWVEELMKELVLSPLAQREGSKYLAKASE—————————— 217

kkhkhkkhkkkhk *khoekekkeoekeoe Kk %k o oo keoekke okk koo °
L] L] L] L] e o o L] e o L] e o

Alignment of the sequences of B. cereus AlkD (target) and E. faecalis hypothetical protein
EF3068 (template from MCSG).




Homology modeling

Start with a protein sequence (target)

1. Template selection:

— Find template in PDB and align
sequences

3. Backbone model building
4. Model loops and side-chains
— Rotamer libraries

— Loop modeling using database
or ab initio method

5. Refine and optimize model
6. Validate and check model quality!

Jon K. Laerdahl,
Structural Bioinformatics

The most
important step in
homology
modeling!
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For all aligned residues in
template and target:

e Take coordinates for template
backbone atoms and use for
target

 If residues are identical:
Use all atom coordinates from
template in target

* Indels: Nothing to copy

Target structure 7‘ .

3. Backbone model building
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Short loops (3-5 residues): Ab initio: Generates random
Reliable results with both loops and chooses the one with
methods e Lowest energy scores
e Ok Ramachandran plot
Long loops (more than 10-15 e No clashes
residues) : Highly unlikely
that you get a correct Database method: Try loops
result!! taken from a “loop-library”
extracted from the PDB

Target structure 7‘ .

4. Model loops

— Loop modeling using database
or ab initio method
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? ) Get side chain conformations
from rotamer libraries
generated from known structures

Use those that give
« Lowest energy score

JK{}gjﬁgf e No clashes with

backbone/other side chains

Some of many possibly
side chain conformations
(rotamers) for Arg

Target structure ~%$

side-chains
— Rotamer libraries
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Do a few hundred iterations of
energy minimization?

* Will hopefully remove clashes
and very unfavorable
conformations

e Too many iterations will most
likely destroy structure

* Not always necessary (depends
on the program)

Target structure ~%$

5. Refine and optimize model
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Homology modeling

Check if model makes sense?
« Ramachandran plot ok?
e No clashes?
e No funny bond
lengths/angles/conformations?
e Use programs such as:

* Procheck

* WHAT IF

e ANOLEA

e Verify3D
e These can only check if the
chemical/physical properties
are ok
« The model might still be 100%
meaningless biologically and
completely wrong! Anolea Results

Summary

Results in graphical form :

shold for marking high-energy residues : 0,000 E/KT

Title

6. Validate andched -\ f




Homology modeling summary

1. Template selection:

— Find template in PDB
and align sequences

2. Correct alignments
— IMPORTANT!
Backbone model building

Model loops and side-
chains

Refine and optimize
model(?)

Validate and check model
quality!

o O ko

Automatic models usually less accurate that manually
generated models (if the modeler knows what she is
doing...)

Jon K. Leerdanhl,
Structural Bioinformatics

Tools:

* Modeller

» Swiss-Model
« 3D-JIGSAW

Homology model databases:

* Modbase (automatic modeling
with Modeller)

« SWISS-MODEL Repository
(automatic modeling with Swiss-
Model)
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When the structure (experimental or model) is available, there are many
more possibilities to obtain understanding

Some examples:




Structural bioinformatics
"R R

B. cereus AlkD sequence
conservation from ConSurf

AIKD
EF3068
NP_465770
NP_720542
NP_899834
NP_905432
XP_635637
XP_654596
YP_174925
2ZP_00384857
ZP_00604707

AIKD

EF3068
NP_465770
NP_720542
NP_899834
NP_905432
XP_635637
XP_654596
YP_174925
ZP_00384857
ZP_00604707

AIKD
EF3068
NP_465770
NP_720542
NP_899834
NP_905432
XP_635637
XP_654596
YP_174925
2ZP_00384857
2ZP_00604707

AlkD
EF3068
NP_465770
NP_720542
NP_899834
NP_905432
XP_635637
XP_654596
YP_174925

ZP_00384857 166 - -DLDTN
ZP_00604707 164 - -DRQTK|

Jon K. Leerdanhl,

LNTYV 59

TDMP- 57

-4
----l 42

51 QIHTLPDPKI RII
43 KESHTWPK EK CQE --

47 KENGA - - PQI
59 KESKASKAVDW-
50 KSHDTAGPD!

54 EKNGRDY TDDD- - - - - -

60 QRKKL | E'KTINEILN

45 KASRGEDLP
43 DESKNLS IS LA

Structural Bioinformatics
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B. cereus sequence conservation from ConSurf:
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B. cereus sequence conservation
from ConSurf:

Dalhus et al., Nucleic Acids Res. 35, 2451 (2007).




A

S. pombe Ofd2 NP_594941

S. cryophilus Ofd2 SPOG_01859
S. octosporus Ofd2 SOCG_00644
S. japonicus Ofd2 XP_002171515
U. maydis XP_761773

P. chrysogenum XP_002563879
L. bicolor XP_001876419

S. pombe SPBC13G1.04c NP_596553
Human ALKBH1 NP_006011
Human ALKBH2 NP_001138847
Human ALKBH3 NP_631917
Human ALKBH4 NP_060091
Human ALKBH5 NP_060228
Human ALKBH6 NP_116267
Human ALKBH7 NP_115682
Human ALKBH8 NP_620130

E. coli AIkB NP_416716

Use MANY
homologs to
align two (or
a few)
hOmOlOgS!

P

E £
>0 00 >» >» >» » -

D
:
D
L
3
Q
K

L rrOo»xoNuvmKrr»»—0M<< —

S. pombe Ofd2 NP_594941 - .-
S. cryophilus Ofd2 SPOG_01859 ---
S. octosporus Ofd2 SOCG_00644 ERR
S. japonicus Ofd2 XP_002171515 -
U.maydis XP_761773 - - - - -
P.chrysogenum XP_002563879 - - - - -
L. bicolor XP_001876419 .
S. pombe SPBC13G1.04c NP_596553 - - - -
Human ALKBH1 NP_006011 - -
Human ALKBH2 NP_001138847

Human ALKBH3 NP_631917

Human ALKBH4 NP_060091

Human ALKBH5 NP_060228

Human ALKBH6 NP_116267 .
Human ALKBH7 NP_115682 ---
Human ALKBH8 NP_620130
E. coli AIkB NP_416716

< - NF-RXOD<ZM=-—- X r M-

z
o
°
=
=

] o
§ &
MR

S. pombe Ofd2 NP_594941 --GEEKWVSRISQRILSVIMRBR I 1 E - - - - - - -

S. cryophilus Ofd2 SPOG_01859 - -PKQTWI ;p ------

S. octosporus Ofd2 SOCG_00644 --S Na TWT ‘I’ -------

S. japonicus Ofd2 XP_002171515 ----GTWIPRAQRICS I FMRRIGL - - - - - - - K Id t l PLOS
U. maydis XP_761773 ---RIDKL LPGA - - - - - Orva e a -

P. chrysogenum XP_002563879 --- -IT VRP RDGEC - - - -

L. bicolor XP_001876419 - -SQGRWI v LPGAD - - One 6 825188 (2011 )
. pombe SPBC13G1.04c NP_596553 - - - AWDGW I S R K RV vBloVR - - - - - - -- )

Human ALKBH1 NP_006011 pwavcasyLliT ARVNM LATDQ - - - -

Human ALKBH2 NP_001138847 - - - = - - - - VLAPRV FRIKILL -------

Human ALKBH3NP_631917 - - - - - - - - s e PRIV YPDPR - - - -

Human ALKBH4 NP_060091 = = - - - = = - - - - y ] SAEFG - - - -

Human ALKBH5 NP_060228 = = - - - - = - - - - RLDAPRLET

Human ALKBH6 NP_116267 --rRPGACLY v RVLR - - - -

Human ALKBH7 NP_115682 ----ERRIP EQ------

Human ALKBH8 NP_620130 --BoLTLsk FTF RQTRC- - - -

E.coli AIKBNP_416716 - - - - - - - LTIDC  TFRQAG - - - - - - - -




Use MANY homologs to align
some homologs!

Bioinformatics analysis
The sequences of S. pombe Ofd2 and 63 homologous sequences
from fungal and metazoan species were obtained from the NCBI
protein sequence databases [43]. The sequences for two additional
Schizosaccharomyces species, S. crvophilus and S. octosporus, were
retrieved ﬂ‘(m)] the IBr(m(:l Il’l.‘;tiglt{i S(‘]‘1iz<';sa(‘(‘]‘1211‘(}1112-‘(‘(*5 group Korvald et al. PLOS
database [44] (http://www.broadmstitute.org/annotation/ genome/ One 6, e25188 (201 1 )

schizosaccharomyces_group). The sequences were aligned with

0Ofd2 Dioxygenase Interacts with Histones

Expresso [45] and manipulated n Jalview [46]. The man bulk of
sequences were subsequently removed m order to give a reliable

alienment of Ofd2, AlkB and human and fungal homologs. Structural
disorder predictions were performed with the VSLI algorithm [47]
and DISOPRED?2 [48]. The structural model of the Ofd2 core
domain was derived from an £. coli AIkB template from Yu and Hunt
[32] (Protem Databank identfier 3130)) and the illustraton was
generated with PyMOL [49].




