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Overview of Main Topics \;?
B

= Small molecule flexible docking with RosettalLigand
= |dentify best interaction between ligand and protein

» Ligand docking with design
= |dentify best protein sequence to bind ligand

= Enzyme Design

= |dentify best protein sequence to bind reaction - substrate transition
state
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= |dentify best interaction between ligand and protein



Rosettaligand Algorithm
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RosettalLigand Algorithm
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RosettalLigand Algorithm \@%g

[ Ligand Conformer Selection :|

[ Transformation ]
[ Docking Cycles ]

[ Final Minimization ]
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RosettalLigand Algorithm \@%‘g

[ Ligand Conformer Selection :|

U

<StartFrom name="start_from_X“

v chain="X">
[ Transformation ] <Coordinates x="" y:"“ Z=""/>
3 </StartFrom>

: </MOVERS>
[ Docking Cycles ]

U

[ Final Minimization ]
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RosettalLigand Algorithm \W]
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RosettalLigand Algorithm \W{

CSB
[Ligand Conformer Selection :| <MOVERS>
0 <Transform name="transform"
[ Ligand Placement ] chain="X"
box_size="5.0"
U

move_distance="0.1"

cycles="500"
G y _lqn
: repeats="1
[ Docklng CYCIGS ] temperature=u5||
x| initial_perturb="3.0"/>
[ . . </MOVERS>
Final Minimization ]
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Rosettaligand Algorithm \E‘W

CSB

[ Ligand Conformer Selection :|

U

[ Ligand Placement ]
[ Transformation ]

U

U

[ Final Minimization ]

[ Move Ligand ] < \\

U U

[ Rotamer Trials ][ Full Repack ]
[ Ligand & Side-chain Minimization ]

L Accept/Reject J
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Rosettaligand Algorithm \F%ZI

CSB
[ Ligand Conformer Selection :|
v <MOVERS>
[ Ligand Placement ] <HighResDocker
x| name="high_res_docker"
[ Transformation ] cycles="6"
repack_every Nth="3"

Y scorefxn="ligand_soft_rep"
— movemap_builder="docking"/>
</MOVERS>

Vs

[ Final Minimization ]
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Rosettaligand Algorithm

Y/

CSB

[ Ligand Conformer Selection :|

U

[ Ligand Placement ]

U

[ Transformation ]

U

[ Docking Cycles ]

-~

o

Gradient-based Minimization
of Side-chains and
Backbone Angles

~

J
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Rosettaligand Algorithm \W

CSB
[ Ligand Conformer Selection :|
v <MOVERS>
[ HigeIra) Pl EameE ] <FinalMinimizer name="final"
x| scorefxn="hard_rep"
[ S ] movemap_builder="final"/>
</MOVERS>
e
[ Docking Cycles ]
Vs
5 May 2018 © Jens Meiler 13



= |dentify best protein sequence to bind ligand



Dock with Design Algorithm

A

se'e'w

CSB

J <)

Ligand Conformer Selection :l [ Move Ligand
Ligand Placement ]

U

g _ftamer i ]-

[ Transformation ]

Q [ Ligand & Side-chain Minimization ]

[ oodnsoces | g
G L Accept/Reject J

[ Final Minimization ]

5 May 2018 © Jens Meiler

15



Dock with Design Algorithm gigg

Ligand Conformer Selection :|

U

Ligand Placement ]
[ Transformation ]

[ Final Minimization ]
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Dock with Design Algorithm \%Z’

CSB
r Ligand Conformer Selection :l
v <TASKOPERATIONS>
Ligand Placement ] <DetectProteinLigandinterface
g name="“design_interface”
_ cut1="6.0" cut2="8.0”
[ mansformation ] cut3=“10.0" cutd="12.0"
24 design="1"
— resfile=“input_files/resfile.txt”/>
o </TASKOPERATIONS>

[ Final Minimization ]
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= |dentify best protein sequence to bind reaction 2
substrate transition state



Enzyme Design Algorithm

W

CSB

Transition State (TS) + functional groups List of protein scaffolds

v v

Description of catalytic constraints Identification of potential binding pocket

I |

v

STEP 1: Geometry-based identification

Generation of the “inverse rotamer tree”

Search based on hashing

of TS model rigid-body orientation

Search based on hashing of
backbone coordinates

STEP 2: Optimization of TS position and catalytic side-chains

STEP 3: Design of remaining residues for high affinity binding

STEP 4: Ranking based on binding energy and catalytic geometry

Excluded for
the purposes
of this tutorial
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Enzyme Design Algorithm

Y/

CSB

[ Define TS & Theozyme :|

U

[ Select Residues Design/Repack ]

U

[ Optimize Catalytic Geometry ]

U

[ Design/Minimize Cycles ]

U

[ Unconstrained Minimization ]
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Enzyme Design Algorithm \@%{

J\ Rz . R
9 e e
[ Select Residues Design/Repack ] < e Moc Y
l J 'Y M| — ng
G ' R(/(LI\‘NUC
o ] acylation X
[ Optimize Catalytic Geometry ] ™ oom
~ -
JDL 0 0®) pd
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[ Design/Minimize Cycles ] N o A \k,“”c
OH
G l 1 Nuc ,

. . .. . deacylation
[ Unconstrained Minimization ] 4
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Enzyme Design Algorithm \%Z’

CSB

-

stabilizes oxyanion
G

[ Select Residues Design/Repack :|

U

[ Optimize Catalytic Geometry ]

U

[ Design/Minimize Cycles ]

U

[ Unconstrained Minimization ]

Nucleophilic
CYS

HIS
Proton shuttle
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Enzyme Design Algorithm \W{

CSB

U

[ Select Residues Design/Repack :|

U

[ Optimize Catalytic Geometry ]

U

[ Design/Minimize Cycles ]

U

[ Unconstrained Minimization ]

<MOVERS>
<AddOrRemoveMatchCsts
name="cstadd"

cst_instruction="add_new"/>
</MOVERS>
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Enzyme Design Algorithm \Wf

[ Define TS & Theozyme :|

U

U

[ Optimize Catalytic Geometry ]

U

[ Design/Minimize Cycles ]

U

[ Unconstrained Minimization ]

5 May 2018 © Jens Meiler 24



Enzyme Design Algorithm

Y/

CSB

[ Define TS & Theozyme :|

U

U

[ Optimize Catalytic Geometry ]

U

[ Design/Minimize Cycles ]

U

[ Unconstrained Minimization ]

-~

Rosetta resfile and/or

Design

o

-detect_design_interface flag

Follows same rules as Dock and

~

J
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Enzyme Design Algorithm \@%g

[ Define TS & Theozyme :| Mutate non-catalytic
G residues to ALA

[ Select Residues Design/Repack ] G

U

[ Design/Minimize Cycles ]
G [ Ligand & Side-chain Minimization ]

[ Unconstrained Minimization ]
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o/

we'e

CSB

D

Define TS & Theozyme :| Backbone amide
G stabilizes oxyanion
@

[ Select Residues Design/Repack ] o

U

G Nucleophilic

CYsS
[ Design/Minimize Cycles ]

U

[ Unconstrained Minimization ]

HIS
Proton shuttle
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Enzyme Design Algorithm \@%g

[ Define TS & Theozyme :|

[ Select Residues Design/Repack ] [ Rotamer Trials ] [ Design/Repack ] < \
[ Optimize Catalytic Geometry ]

G Constrained Minimization

G L Repeat J

[ Unconstrained Minimization ]
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Enzyme Design Algorithm g{

J <MOVERS>
<EnzRepackMinimize
name="desmin"
design="1"
q repack_only="0"
scorefxn_minimize="myscore"
scorefxn_repack="myscore"
< minimize_rb="1"
minimize_bb="1"
cycles="1"/>

[ Define TS & Theozyme

U

[ Select Residues Design/Repack ]

[ Optimize Catalytic Geometry ]

U

[ Unconstrained Minimization ] </MOVERS>
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Enzyme Design Algorithm \W/

CSB

[ Define TS & Theozyme :|

U

[ Select Residues Design/Repack ]

U

[ Optimize Catalytic Geometry ]

U

[ Design/Minimize Cycles ]

4 N

Unconstrained Gradient-based
Minimization
of Backbone, Side-chains, and
Substrate Position

o J
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W/

Dock an ester ligand to a haloacid dehalogenase-like
hydrolase (HAD)

Sequence optimize the protein-ligand binding interface
between HAD and the ester ligand

Convert the HAD protein into an ester hydrolase




W/

= ~/RosettaWorkshop2018/enzdes dockdesign

» Follow the instructions provided in the
enzdes_dockdesign_tutorial.pdf




