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What |Is Rosetta?



" A
What |Is Rosetta”?

m Rosetta is a suite of programs, scripts, and files
for modeling protein structures.

m Rosetta has had success with CASP and CAPRI.

m Rosetta is available as web servers (
nttp://www.robetta.org/,

nttp://rosettadesign.med.unc.edu/).




" A
What |Is Rosetta”?

m Author David Baker at the University of
Washington, others.

m Rosetta is being run with spare cycles on
PCs around the world to predict human
genome structures (Rosetta@home,
World Community Grid).

m Rosetta is a constantly developing work in
progress!



" S
Theory Behind Rosetta

m Proteins are thought to 'collapse’ from an
unfolded > folded state.

m Local conformations precede and guide
global conformations and tertiary structure.

m Local conformations are largely dependent

on local sequence, and are finite in
number.



Theory Behind Rosetta




"
Background of Rosetta

m Stochastic methodology

m Elaboration on Ken Dill’ s work on lattice
proteins



"
What Can Rosetta Do And How
Does It Do It?



" A
What Rosetta Can Do

m Ab initio protein folding (torsion space)
m Rotamer-based packing minimization

m Rigid body minimization of both protein
and heteroatom (ligand) positions

m | east squares and Monte Carlo energy
minimization



" A
What Rosetta Can NOT Do

m Molecular dynamics
m Heteroatom energy minimizations



" J
Rosetta Energy Function

m Combination of simplified energy terms

m Rosetta score shows good correlation with
known structures

m Non-bonded, solvation, torsion angle,
statistical

m Based on CHARMMZ27



Non-Bonded Energy Terms

m Electrostatics

m Van der Waals

m Disulfides

m Hydrogen bonding
m Lennard-Jones



" S
Solvation Energy Terms

m Hydrophobic burial
m Residue-residue environment



" S
Torsion Angle Energy Terms

m Ramachandran angles
m Rotamer self-energy (Dunbrack)



" A
Statistical Terms

m Metropolis criterion (simulated annealing)



Torsional, Not Cartesian
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Centroid vs Full-Atom Mode

m Sidechains are represented as single
‘atoms’ in centroid mode.

m Subset of energy terms used

m All heavy atoms, energy terms used in full-
atom mode

m Rotamer sets, with some angle
perturbation later on



Increasing Detail in Energy Terms

Energy step functions from low- to high-
resolution.
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" A
Constraints

m Constraint = limit of movement
m Distance constraints (folding/docking)
m Dipolar coupling constraints (NMR)

m Barcode constraints (limits conformational
space)

m Violation of a constraint increases the
decoy score

m Implemented through files (.cst, .dpl, .dst)



" SEmm——
Filters

m Filters are absolute constraints — violation
causes decoy to be discarded

m Physical attributes (disulfides, knot, SASA,
vdw, rg, etc.)

m Score
m Implemented through options



" A
Rosetta Protocols

m -abinitio
m -relax

m -idealize
m -design

m -dock



" JE——
Semi-protocol

m -Score

m -refine

m -abrelax
m -loops

m -interface
H -pose



" A
Pseudo-Protocols

m -assemble
m -membrane
m -pdbstats

m -pH

m -pKa



Supporting Scripts and Ultilities



" J—
Supporting Scripts and Ultilities

m Generating input

m Concatenating, clustering, and analyzing
output

m Visualizing output
m /usr/local/rosetta/bin



" J—
Supporting Scripts and Ultilities

rosetta swarm_setup.pl

m Generates swarm file for distributing
Rosetta jobs on the cluster

m Inserts series code, nstruct, jran, and
structure index



" J—
Supporting Scripts and Ultilities

make fragments.pl

m Generates 3-mer and 9-mer fragment files
for fragment insertion methods

m Based on secondary structure predictions



" J
Supporting Scripts and Ultilities

SAM-PHD.pl

m Predicts secondary structure by hidden

Markov models using BLAST, SAM, and
PHD.

m Distributed on the cluster by swarm.



" J—
Supporting Scripts and Ultilities

getColumn.pl

m Parses scorefile output from Rosetta and
displays individual columns

gnuplot
m Graphically displays data



" J——
Supporting Scripts and Ultilities

cluster.pl

m Clusters centroid structures from silentfile
output

cluster_variation.pl
cluster pdbs.pl



" J—
Supporting Scripts and Ultilities

TMalign

m Aligns structures based on CA-CA
distances

VMD
m X-Windows molecular graphics viewer



How To Use Rosetta



" A
Rosetta Methods

m Combination of protocols to accomplish a
task

m Demonstrated in various publications (see
http://www.rosettacommons.org/
publications/)

m /usr/local/rosetta/bin/run_benchmarks.csh




Rosetta Commandline

rosetta executable
aa 1d3z A series code, protein code, chain id
-relax protocol
-s prot123.pdb starting structure
-nstruct 10 number of output structures
-constant_seed -jran 123 random seed value
-silent verbosity, score output

-use_input_bond -skip fragments _move -use_abs tolerance

run options



Rosetta paths.txt File

pdbl

pdb2

alternate data files

fragments

structure dssp,ssa (dat, jones)
sequence fasta,dat, jones
constraints

starting structure ./

data files /usr/local/rosetta/rosetta database/
OUTPUT PATHS:
movie

pdb path
score

status

user ./

FRAGMENTS: (use '*****x!' in place of pdb name and chain)

2 number of valid fragment files
3 frag file 1 size

aa*****03 05.200 vl 3 name

9 frag file 2 size

aa*****09 05.200 vl 3 name

N N

~ OO N S



" S
ADb Initio Protein Folding

m Fragment Libraries are generated for each
query sequence.

m 3- and 9-amino acid structural segments
are matched to the query.

m The matches are ranked on alignment,
PSIBLAST profiles and secondary
structure alignments (as predicted by
PSIPRED, JUFO, SAM-T02 and PHD).



ADb Initio Protein Folding

query  KVFGRCELAAAMKRHGLDNYRGYSLGNWVC. . .
KVF
KVFGRCELA
VFEG
VFGRCELAA
FGR
FGRCELAAA
GRC

secstr EEEE TT S EEEEEEE TT HH...



ADb Initio Protein Folding

3- and 9-mer libraries generated:
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Fragment Insertion

Models built by randomly

S
z8




" J
Fragment Insertion

Fragment insertion can be supplemented
with more discrete methods of
minimization.

m backbone modifications

m torsion angle variation

m sidechain torsion optimization

m gradient descent minimization



ADb Initio Protein Folding

$ cat 1d3z .fasta

>1lubg
MOIFVKTLTGKTITLEVEPSDTIENVKAKIQODKEGIPPDOQ
QRLIFAGKQLEDGRTLSDYNIQKESTLHLVLRLRGG



" S
ADb Initio Protein Folding

Predict secondary structure with SAM-PHD .pl
Make fragment files with make fragments.pl

1d3z_.rdb

1d3z_.psipred
1d3z_.psipred_ss2
1d3z_.jufo_ss
Aa1d3z_03 05.200 v1 3
Aa1d3z_09 05.200 v1 3



ADb Initio Protein Folding

$ rosetta swarm setup.pl aa 1d3z
-nstruct 1000 —-silent > swarm.com
S head -3 swarm.com
/usr/local/rosetta2.2/bin/rosetta.gcc aa
1d3z —constant seed -jran 1 -nstruct
63 -silent >& aald3z. log
/usr/local/rosetta?2.2/bin/rosetta.gcc ab
1d3z —constant seed -jran 2 -nstruct
63 -silent >s& abld3z. log
/usr/local/rosetta?2.2/bin/rosetta.gcc ac
1d3z —constant seed -jran 3 —-nstruct
63 -silent >& acld3z. log
S swarm —-f swarm.com



ADb Initio Protein Folding

Wait for rosetta swarm to finish, then concatenate the silent
scorefiles and cluster the centroid models:

$ cat silent.pl *.out > combined

$ rm *.out

S cluster.pl —-silentfile combined
—get centers 1



ADb Initio Protein Folding

Relax the CA/CB model, including extra
rotamers for chi1 and chi2 angles, and not
letting the minimization go too far...

S rosetta aa 1d3z —-relax

-farlx -s comb decoy 0510.pdb -fa input
-fa output -exl -ex2Z2 -stringent relax






“score” u 2:1

‘relax_score” u 233




" J
Loops

m Fold discrete regions (loops) on a
structure

m Can be done in four different ways
m Classic loop modelling (deprecated)
m Standard loop modelling

m Pose loop modelling

m Loop relax



" A
Loops —standard

m Need template structure:

m [emplate structure has residues
sequentially numbered, with loop regions
Included

m Can be built based on alignment (in zones
file) using createTemplate.pl



Loops —standard

m Need loops file:

cat Z2ptl .loops
] 8 14

m Fixed format ‘##Ht HiHHH #HiHE
m Number of res in loop, start res, end res
m One line per loop



Loops -standard
m Build loop:

INPUT :

2ptl .pdb

2ptl .loops
aazptl 03 05.200 vl 3
aazptl 09 05.200 v1 3
paths.txt

rosetta swarm setup.pl aa Z2ptl -S

2ptl .pdb -loops —-nstruct 100 > swarm.com

swarm —f swarm.com






" JE
Loops —standard

m Refine loop Iin full-atom mode
rosetta aa Z2ptl -s <built pdb> -loops

—-fa refine —-exl -—-ex?2
s —grow and -trim; See Sood & Baker J Mol
Biol 357 (2006) pp 917-927 for more info

m -silent creates a different silentfile format



" J
Loops —pose

m Cyclic coordinate descent (CCD)

m More efficient loop rebuilding

m Uses —pose semi-protocol

m Different loop file:
<pdb><chain>.pose loops (not fixed
format)

start end cut extended

m .loops file can substitute?? — different
output



" JE——
Loops —pose

m Build loop and refine in full-atom mode

rosetta swarm setup.pl x0 Z2ptl  -pose
—loops —fold with dunbrack —-fa output -exl
—ex2 —nstruct 100 —ncpus 62 > swarm.com

swarm —f swarm.com



" J
Loops —loop relax

m More aggressive, streamlined version of
—loops (much faster, too)

m See Qian et al., Nature 450 (2007), pp
259-264 for more info.

m Part of —relax protocol

m Needs a different loopfile!
<pdb><chain>.loopfile (not fixed format)

start end



"
Loops —loop relax

m Loop modelling from scratch
rosetta aa Z2ptl -s 2ptl .pdb -relax

—looprlx —-loop model —-nstruct 20






" J
Loops —silent

m Silentfile output is different in -loops mode
from —abinitio and —dock protocols!

m -looprix mode gives -abinitio format
silentfile



" A
RosettaDock

m Two partners, one fixed (receptor), one
moving (ligand)

m Multiple chains allowed in partner (chain id
IS irrelevant)

m Silentfile is NOT the same as ab initio...

m Level of detail malleable

m Constraints and filters very powerful



RosettaDock

m [hree sub-modes:
Score: score docking model

Prepack: separate partners -> refine side
chains -> put partners together

Dock: randomize orientation -> centroid rigid
body search -> [full-atom search/refine]

m  Refinement simply through rotamer
substitution

m  With —pose, backbone can move as well



" J
RosettaDock — prepack

m Prior to docking to idealize bonds and
angles, reduce possibility of crashes

rosetta aa lbrs 1 -dock -prepack rtmin

—dock mcm —-exl —-exZ2 —-s lbrs.pdb

—unboundrot



" A
RosettaDock — local run

rosetta swarm setup.pl aa lbrs 1
-s lbrs.ppk.pdb -dock -dock mcm
—dock rtmin -exl -exZ2 -silent -timer
—dock pert 5 10 10 -nstruct 1000 —ncpus 32
> swarm.com
swarm —f swarm.com
getColumn *.out —-f score rms > dock.plot
gnuplot
> plot ‘dock.plot’ u 2:1



’r*ms_s:cor*e_exl_e;&.plot’ u 2:1

+




" S
RosettaDock — global search

rosetta swarm setup.pl aa lbrs 1 —-dock
—dock mcm —-dock rtmin —-unboundrot
—-fake native -randomizel -randomize?2
—ex]l —-ex2 -s lbrs.ppk.pdb —-nstruct 10000
—sllent —-timer > swarm.com

swarm —f swarm.com



" A
RosettaDock

m Concatenated silentfiles, keeping top 10%
cat silent.pl *.out -percent 10 > combilined

rm *.out

m Generated PDBs for clustering

silentDock2pdb.pl —-silentfile combined -s
lbrs.ppk.pdb -dock mcm -dock rtmin -
unboundrot —-fake native —-exl -ex2Z2 >
swarmz .com

swarm —f swarmZ.com

= S_000000001.pdb -> S_000001009.pdb



" A
RosettaDock

m Clustered models by euclidean

hierarchical function in R
cluster pdbs.pl *.pdb —-rms 20



RosettaDock
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" A
RosettaDock

m Do a local run on each cluster
representative PDB

rosetta swarm setup.pl 1A 1lbrs 1
-s clusterl.pdb -dock -dock mcm
—dock rtmin -exl -ex2 -silent -timer
—dock pert 5 10 10 -nstruct 1000 —ncpus 32
> lAswarm.com

swarm —f 1lAswarm.com



RosettaDock — cluster 1

clusterl
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RosettaDock — cluster 2

EBEX

Gnuplot
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RosettaDock — cluster 3
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RosettaDock — cluster 4

Gnuplot ~E)X
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RosettaDock — cluster 5
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"
RosettaDock —ligand

m Instead of a protein ligand, a heteroatom
small molecule can be used

m Requires atom renaming (Jens Meller,
JUFO)

grep AGB pdblejn.ent | grep HETATM >
X start.pdb

pdbZ2mdl.inp X start.pdb > x.mdl

addhydrogens.inp x.mdl
mdl2rosetta.inp x.mdl > lejn AGB.pdb



RosettaDock —ligand
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"
RosettaDock —ligand

m Prepack and dock as usual, with —ligand option:
rosetta aa lejn 1 -dock —-ligand —-s lejn.pdb
—-prepack full —-dock mcm
rosetta swarm setup.pl 1A lejn 1
—constant seed -jran 1 -nstruct 1000
-s lejn.ppk.pdb -dock -ligand -dock mcm
—dock rtmin -exl -exZ2 -dock pert 5 10 10
-silent —timer > swarm.com

swarm —f swarm.com



RosettaDock -ligand




RosettaDock —ligand

Gnuplot E]@

AGE perturbation dock on lejn
-882 T T T T T T
“1Alejn,plot” u 231 +
-634 | + 4 v :
+4 x * + 5
—598 9 -
—898 b -
=700 F* -
» =702 |+ + 4 -
3 i +
@ 704 | . . -
to+ 4+
e B
ti- 'H'.& + +
=706 e 4, gh- R |
g#+++ + o4y A
-8 b, *-; A ~ o
a4 + t+
+ + * ++§ B iond + -
710 R -
+
-T2 F + -
_?14 A A A 1 A A
0 5 10 15 20 25 30 35
rms
25,1476, -£83,857




" J
RosettaDock —ligand

m Should use ensemble of ligand
conformations to model ligand flexibility

m No simple way to cluster results, simply
rely on score to discriminate

m See Meiler & Baker, Proteins 65 (3), 2006,
pp 538-548 for more details



" J
RosettaDock —flexible loops

m \With —pose option, backbone regions
(loops) can flex

m Requires prerelaxing as well as
prepacking



" JE——
RosettaDock —flexible loops

prepack
rosetta aa lohz  -s lohz.start -dock

-pose -prepack full -prepack rtmin

-use 1nput sc -exl -exZaro only



" J—
RosettaDock —flexible loops

preminimize

rosetta aa lohz -s lohz.start —-dock -pose

-prepack full -prepack rtmin -use 1nput sc
-ex]l -exZaro only -minimilze



RosettaDock —flexible loops

prerelax

rosetta swarm setup.pl aa lohz A/B
-s lohzA/B.pdb -exl -ex?2
—-read all chailns -relax -farlx -fa input
-fa output -use input sc -find disulf
-use 1nput bond -skip fragment moves
-relax rtmin -no filters -nstruct 100
-use abs tolerance > swarm.com

swarm —f swarm.com






RosettaDock —flexible loops

m Simultaneously run docking (local run)
with backbone minimization

rosetta swarm setup.pl aa lohz  -dock —-pose
-s lohz.pdb -dock mcm -exl -exZaro only
-minimize -use scorel2 —-nstruct 1000
> swarm.com

swarm —f swarm.com

m Use —nominimize1 or —nominimize2 to turn
off each partner



" J
RosettaDock —flexible loops

m Restrict to interface loops? — need .fasta
and fragment files, can’ t use multichain?

m Still errorprone...



" S
Comparative Modelling

Example: Qian et al., Nature 450 (2007), pp
259-264

Needed:

m Query sequence (unknown structure)

m Parent structure (homologous structure)
m Alignment

Make .zones file and use create Template.pl



anas
190s
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130s
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" S
Comparative Modelling

LONE tHH#H#-HHH# HHH-HHHHH

ZONE 1= 29: 2— 24
ZONE 33— 50: 27— 44
ZONE 53— 62: 438- 57
ZONE co- 84: o00- 78
ZONE 92- 104: 81- 93
ZONE 107- 121: 97- 111
ZONE 125- 150: 114- 139
ZONE 1b6- 1lol: 142- 147
ZONE 165- 171: 150- 1560



" S
Comparative Modelling

createTemplate.pl —zonesfile anas.zones

—-fastafile anas.fasta —-parentpdb 130s.pdb
—outpdb anas .pdb



" S
Comparative Modelling

m Create fragment files

m Make a loops file (.loops, .pose loops,
or .loopfile)

m Run one of the loops protocol to build the
loops



" SN
Comparative Modelling

rosetta swarm setup.pl 00 anas
-s anas .pdb -relax -looprlx -loop model
—fullatom loop —nstruct 1000 > swarm.com

swarm —f swarm.com



" JE——
Other protocols

-design
m Protein design
m Protein interface design

http://www.rosettadesigngroup.com/tikiwiki/
tiki-index.php?page=Design




" JE——
Other protocols

Domain assembly
Variation of —dock, with strict constraints

http://www.rosettadesigngroup.com/tikiwiki/
tiki-index.php?page=Symmetrical+Docking




" SEEN———
Help?

m general-support@rosettacommons.org
m staff@helix.nih.gov




