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Why comparative modeling with RosettaCM?

* Deep learning-based methods offer less flexibility — you get what you get and you don’t

throw a fit

« CM is compatible with NMR, EPR, and electron Density constraints data
* Modeling mutations better with biophysical techniques than MSA based techniques

Sequence

>3PBL
DYKDDDDGAPASLSQLSSHLNYTCGAENSTGASQARPHAYYA
LSYCALILAIVEFGNGLVCMAVLKERALQTTTNYLVVSLAVAD
LLVATLVMPWVVYLEVTGGVWNFSRICCDVEVTLDVMMCTAS
IWNLCAISIDRYTAVVMPVHYQHGTGQSSCRRVALMITAVWV
LAFAVSCPLLFGENTTGDPTVCSISNPDEVIYSSVVSEYLPFE
GVTVLVYARIYVVLKQRRRKNIFEMLRIDEGLRLKIYKDTEG
YYTIGIGHLLTKSPSLNAAKSELDKAIGRNTNGVITKDEAEK
LENQDVDAAVRGILRNAKLKPVYDSLDAVRRAALINMVEQMG
ETGVAGFTNSLRMLOOQKRWDEAAVNLAKSRWYNQTPNRAKRV
ITTFRTGTWDAYGVPLREKKATQMVAIVLGAFIVCWLPEFFLT
HVLNTHCQTCHVSPELYSATTWLGYVNSALNPVIYTTENIEF
RKAFLKILSCGRPLEVLEFQ

Homology model

v
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Single template versus multiple template modeling

* Single Template Modeling:

* Single template as input

®* Uses sequence and template derived fragments

®* Used when available templates have very high identity (>60%)
®* Multiple Template Modeling:

®* Multiple templates as input
®* Combine sections of multiple threaded models and sequence derived fragments
* Used when available templates have low identity (30-50%)

* *Nomenclature Note*

®* Comparative Modeling = Homology Modeling in the land of Rosetta
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General workflow for RosettaCM

Identification template sequences
Preparation of sequence alignments
Threading

Hybridize

Relaxation

o Uk wWwNnE

Scoring and Selection

In the tutorial: Comparative modeling of the Dopamine D3 receptor
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Target sequence of dopamine D3 receptor

(PDB: Dopamine D3 receptor 3pbl)
Find this file at /rosetta_cm/demo/input_files/3pbl.fasta

>3pbl
YALSYCALILAIVFGNGLVCMAVLKERALQTTTNYLVVSLAVADLLVATLVMPWVVYLEVTGGVWNEFSRICCDVF
VTLDVMMCTASIWNLCAISIDRYTAVVMPVHYQHGTGQSSCRRVALMITAVWVLAFAVSCPLLFGFNTTGDPTVC
SISNPDFVIYSSVVSFYLPFGVIVLVYARIYVVLKOQRRRKAAAAAAAAGVPLREKKATOMVAIVLGAFIVCWLPFE
FLTHVLNTHCQTCHVSPELYSATTWLGYVNSALNPVIYTTENIEFRKAFLKILSC

% NCBI Resowrces v How 7o [v) My NCHI Signin

Protein Search: Proten vl Limils  Advanced search  Help

Transiations of Life
Search [HeITT

http://www.ncbi.nlm.nih.gov/protein
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Template identification for dopamine D3 receptor

* PDB ID: 3pbl
* Class A G-protein coupled receptor (GPCR)
* No high identity templates

e 7 transmembrane helices
e 3 extracellular loops, 3 intracellular loops
* Highly conserved GPCR residues

V GPCR phylogenetic tree with crystal structures (2014). Taken from https://katritch.usc.edu/research.html
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Template identification for dopamine D3 receptor

e Similarity of Sequences :

e compare proteins based on amino acid sequences (BLASTP using PDB as search
database)

e suitable templates have ideally >30% sequence identity to the target

 Fold Recognition:

e using predicted secondary structure information to detect proteins with similar
3D characteristics (DALI, PHYRE)
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Template identification for Dopamine D3 receptor

* Itis advisable to use multiple templates due to the low sequence identity in available

templates
Template PDB ID % Seq id
B2-adrenoceptor 3SN6 36
5-HT1B receptor 41AR 32
B2-adrenoceptor 3D4S 34
5-HT2B receptor 5TVN 32
M1 receptor 5CXV 32
H1 receptor 3RZE 31
M4 receptor 5DSG 29
A2A receptor 2YDO 28
Al receptor 5N2S 27
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Template identification for dopamine D3 receptor

Human 5HT-1B receptor (PDB: 4iar)

Human betal-adrenoceptor (PDB: 4bvn)

Human B2-adrenergic receptor (PDB: 2rh1)

Human M4 muscarinic acetylcholine receptor (PDB: 5dsg)
Human M1 muscarinic acetylcholine receptor (PDB: 5cxv)

Find these files at /rosetta_cm/template _pdbs/original_files/

A mEmBER or T SIPDEB |
o An Information Portal to Biological Macromolecular Structures |
PROTEIN DATA BANK 4s of Tuesday Feb 22, 2011 at 4 PM PST there are 71415 Structures ) @ | POB Statistics

A Resource for Studying Biological Macromolecules
3 Features Hi
The PDB archive contains information about experimentally-determined structures of proteins, nudeic acds, and e
complex assembies, As a member of the wwPDB, the RCSB POB curates and annotates PDB data according to agreed | Transporter Classification
upon standards. Database Browser
Latest features released:
The RCSB PDB also provides 3 variety of tools and resources. Users can perform simple and advanced searches based =
on annotabions relating to sequence, structure and function. These molecules are visualized, downloaded, and Website Release Archie -
analyzed by users who range from students to specalized scentists.

Hide Welcome Message 3 RCSB PDB News Hide

Weeldy | Quarterty | Yearky ‘

1 Featured Molecules Hide
Ust View of Archive By: Title | Date | Category |

¥ . e % g8 Intrastructure &
Structural View of Biology ‘b ' 3{“,".- %‘ 1 Comaunic ation 2‘

Molecule of the Month:

Integrin
Our bodies are composed of approxamately ten tnlkon cells, which poses challenging
problems for structure and communication. All of these cells must be connected strongly
together, to allow us to stand and walk. The mfrastructure holding us together, however,
must also be malieable enough to allow repairs, to allow us to heal from wounds. These
many cells must also communicate with each other, ensuring that each plays &s own Explore structural nesghbors lists
proper part. Many diferent molecules in our bodies are involved in this complex to find connections between POB

i ot st sais “af s ouh ‘amw il an e mmialootisn ~aed lobs ade s eyl o sembas

http://www.rcsb.o

Structural Neighbors
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Multiple sequence alignment

CLUSTAL 0(1.2.4) multiple sequence alignment

5cXxv..  ==ee———- KGPWQVAFIGITTGLLSLATVTGNLLVLISFKVNTELKTVNNYFLLSLACADL
5dsg GPSSHNRYETVEMVFIATVTGSLSLVTVVGNILVMLSIKVNRQLOTVNNYFLFSLACADL
3pbl @ e YALSYCALILAIVFGNGLVCMAVLKERALQTTTNYLVVSLAVADL
d4iar YIYODSISLPWKV-LLVMLLALITLATTLSNAFVIATVYRTRKLHTPANYLIASLAVTDL
2rhl ——e——— DEVWVV-GMGIVMSLIVLAIVFGNVLVITAIAKFERLOTVTNYFITSLACADL
4bvn @ e LSQQWEA-GMSLLMALVVLLIVAGNVLVIAAIGSTQRLOTLTNLFITSLACADL

Find this file at /demo/alignment_files/3pbl_alignments.txt

Cl

ustal Omega

out forr

Tools > Multiple Sequence Nignment > Oustal Omega

Multiple Sequence Alignment
Custil Omege 15 & new multigle sequence Bxnment peograen TNIL USes seeced guide Urers aod HMN peofi-profle techivques Lo Qenerate Sgrmants Detwn theee OF more Se3non http I//WWW.E bi.ac.u k/TooIs/msa/cIusta |0/
For the dgnment of Dnd Seguences phaase nstead use our parmse Seguence dpnmet tols,

STER 1 - Emr your Injat sequences

Enter or pasta 35t of PROTERN « s0guancns i acy supported Semat

Or uphasd atbe | Browe, | o fo solocied

STEP 2 - Sét your paraewetens

QUTPUT FORMAT  Chstal wo rumbors. »
THe GRSAT SAEgSs Wi f3TW Me Aeds oF Mo waers AN, B 1031 105560, 39 M0[ Wadie

|W'W‘ (COOK fere, £ you Word 10 WEw I CRAN S e defaut Setinds |

STEP S - Sutent your y&
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Adjusting multiple sequence alignments

* Experimental expectations:
* Highly conserved residues
e Secondary structure elements

Raw ClustalO alignment:

3pbl
S5cxv
5dsg
4iar
2rhl
4bvn

Adjusted alignment:

3pbl
5cxv
S5dsg
4iar
2rhl
4bvn

Alignment issues to be resolved

ﬁ meilerlab.org 12




Adjusted multiple sequence alighments result in improved
modeling perfomance

~ - T £
Example model using Example model using
raw alignment raw alignment

E meilerlab.org
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Partial Thread

————— PWOQFSM——LAAYMFLLIMLGFPINFLTLYVITVQHKKLRTPLNYILLNLAVADLEFM
ANFNRKIFL——— PTIYSITFLTGIVGNGLVILVMGYQKKLRSMTDRYRLHLSVADLLE
———DEVWVVGMGIVMS———-LIVLAIVFGNVLVITATAKFERLOQTVTNYFITSLACADLVM
_______ IMGSSVYITVELATAVIATTL.GNVI.VCWAVWT.NSNLQNVTNYFVVSLARADIAV

alignment

template pdbs

threaded pdbs

meilerlab.org
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Partial Thread

(0,00) (1,1,1) (222) (333) (444) (55)5)
template L L R N N H
(2,2,?)  (2,27) (?,2,7)
target L K - - - H
Threaded coordinates
(0,0,0) (1,1,1)  (5)5,5)
target L K H Vv

(2,2,?)

meilerlab.org
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Partial thread only excepts alignments in grishin format

* ClustalO format:
« All sequences in one file
e Sequences broken up over several lines
e Grishin format:
* One file per alignment pair
« Sequences continuous over one line each
« Contains header information

« Due to complicated format, we have provided a script for conversion
make alignment files.sh for your use back home

Find converted Grishin alignment files at /rosetta_cm/demo/alignment _files/

(2rhl.aln 4bvn.aln 4iar.aln 5cxv.aln 5dsg.aln)

g meilerlab.org
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Hybridize protocol contains three stages

1. Generate initial models from template alignments

2. Explore deviations from templates and close loops in 2
steps :
* MC: Randomly select de novo or template-based

Sequence

=>

alignments

4

Y

fragment and substitute into current

Sequence-based
fragments

Threaded
templates

Restraint
functions

conformation
* Cartesian space full-backbone minimization

3. Full atom backbone and side chain refinement and final
relax

$

&

$

K¢ Full length model assembly

Torsion space
fragment
insertion

=

Cartesian space
template
sagment

recombination

4

g
2. Local structure optimization and loop closure

Local fragment
superposition

=t

Gradient
based energy
minimization

—

\ 4

po—

M—

—

3. Full-atom sidechain and backbone refinement

Song, Y.; et al. Structure, 2013

meilerlab.org
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Final models contain template information from multiple
templates

5 meilerlab.org
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Input files for RosettaCM

Bare minimum:

e Partial-threaded structures
* Mover definition and options

Specific to membrane proteins (not needed if modeling soluble proteins):

*  Membrane spanning regions (span file)
* Membrane weight patches

Optional files based on available information:

e Constraint information (eg. atom pair connectivity)
* Disulfide Connectivity

a meilerlab.org
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Membrane spanning regions
Find this file at /rosetta_cm/demo/input_files/3pbl.span

New query Results
Batch WSDL API . Subm|tltefj:l 2022-11-28 22:51:01 CET
« Status: Finished
load « Wait time in the queue: 1 sec
Downloa e Running Time: 0 sec
References Results of your prediction with jobid: rst_f926tcvb (jobname: 3pbl)
News Zipped folder of your result can be found in rst_f926tcvb.zip

Server status Dumped prediction in one text file can be found in query.result.txt

The sequence(s) you submitted can be found in query.raw.fa
Example results

Old TOPCONS
Predicted topologies and predicted AG values:
Privacy policy

== |nside == Qutside TM-helix (IN-=0UT) TM-helix (OUT->IN) [l Signal peptide
Help
TOPCONS ~ - — — 1 E—
) OCTOPUS = — — - E— — e
Nouin cscet b Phllus S _ https://topcons.cbr.su.se/pred
Queued 0 PolyPhobius = - — I I — -
Running 0 L .
Finished 1 SCAMPI ’
Failed 0 SPOCTOPUS — - — - fr— I
2y02A — =1 — = —

query.result.txt

meilerlab.org 20


https://topcons.cbr.su.se/pred/

The span file helps RosettaMembrane to define
transmemebrane regions

Residues listed in span file colored in red

>
5 meilerlab.org
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Why are membrane scoring terms important?

With membrane penalties/weights Without membrane penalties/weights

5 meilerlab.org

22



Disulfide constraints

Find this file at /rosetta_cm/demo/input_files/3pbl.disulfide

72 150

3pbl crystal structure

3pb1 thread into 2rhl

meilerlab.org
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RosettaCM XML

/rosetta_cm/demo/input_files/rosetta_cm.xml

<SCOREFXNS>
<ScoreFunction name="stagel" weights="input files/stagel membrane.wts" symmetric="0">
<Reweight scoretype="atom pair constraint" weight="1"/>
</ScoreFunction>
<ScoreFunction name="stage2" weights="input files/stage2 membrane.wts" symmetric="0">
<Reweight scoretype="atom pair constraint" weight="0.5"/>
</ScoreFunction>
<ScoreFunction name="fullatom" weights="input files/stage3 rlx membrane.wts"
symmetric="0">
<Reweight scoretype="atom pair constraint" weight="0.5"/>
</ScoreFunction>
<ScoreFunction name="membrane" weights="membrane highres Menv smooth" symmetric="0">
<Reweight scoretype="cart bonded" weight="0.5"/>
<Reweight scoretype="pro close" weight="0"/>
</ScoreFunction>
</SCOREFXNS>

_______________________________________________________________________________________________________________________________________

*Find all .wts files in /rosetta_cm/ demo/input files

a meilerlab.org 24



RosettaCM XML

/rosetta_cm/demo/input_files/rosetta_cm.xml|

| <MOVERS> i
| <Hybridize name="hybridize" stagel scorefxn="stagel" stageZ scorefxn="stagel2" i
i fa scorefxn="fullatom" batch="1" stagel increase cycles="1.0" stage2 increase cycles="1.0" i
i linmin only="1" realign domains="0" disulf file="input files/3pbl.disulfide" i
i fa_cst_file=“fullatom.cst”> !
| <Template pdb="threaded pdbs/4iar out.pdb" cst file="AUTO" weight="1.000" /> i
! <Template pdb="threaded pdbs/4bvn out.pdb" cst file="AUTO" weight="1.000" /> i
i <Template pdb="threaded pdbs/2rhl out.pdb" cst file="AUTO" weight="1.000" /> i
i <Template pdb="threaded pdbs/5dsg out.pdb" cst file="AUTO" weight="1.000" /> !
| <Template pdb="threaded pdbs/5cxv_out.pdb" cst file="AUTO" weight="1.000" /> i
i </Hybridize> |
i <ClearConstraintsMover name="clearconstraints"/> i
i <FastRelax name="relax" scorefxn="membrane" repeats="1" dualspace="1" bondangle="1"/> !
| </MOVERS> i
i <OUTPUT scorefxn=“membrane”/> i

g meilerlab.org 25



RosettaCM Options

/rosetta_cm/3_hybridize/rosetta_cm.options

# i/0

-in:file:fasta input files/3pbl.fasta
sequence

-parser:protocol input files/rosetta cm.xml
-out:path:all output files/

#Initialize membrane

protein

-in:file:spanfile input files/3pbl.span
-membrane:no_interpolate Mpair
-membrane:Menv penalties

-rg reweight .1

-restore talaris behavior

# relax options
-relax:minimize bond angles
-relax:minimize bond lengths
-relax:jump move true
-default max cycles 200
-relax:min type lbfgs armijo nonmonotone
-score:weights input files/stage3 rlx membrane.wts
protein
-use bicubic interpolation
— idize:stagel probability 1.0

_upper bound 15

#### your target

#### only if modeling a membrane

#### use ref2015 cart if soluble

meilerlab.org
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Consecutive modeling of the Ghrelin/GHSR complex

V Bender, B.J.; et al. Structure, 2019
meilerlab.org
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Tutorial

Comparative modeling of D3 receptor with five class A GPCR templates

Four steps:

1.Setup

2.Threading
3.RosettaCM hybridize
4.Final model selection

g meilerlab.org
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