.";.*.
nanorex

NanoEngineer-1: An open source
multi-scale molecular modeling
and simulation front-end for
Rosetta (Potentially)

Mark Sims

President
Nanorex, Inc.



About Nanorex

* Founded in 2004
* 11 employees in 4 states
» Based in Bloomfield Hills, Michigan




Mission

* To develop open-source
computational tools to support
the design and development of
advanced nanosystems



NanoEngineer-1

» Open source (GPLv2)

* Mac, Windows and Linux

* \Written in Python and C

« Qt/PyQt GUI framework

« GROMACS v3.3.3 integrated

 Emphasis on ease of use and
3D interactive modeling



NE1: CAD for Structural DNA Nanotechnology

Renderings by QuteMolX
Nanorex



Double Crossover (DX) Molecule

NanoEngineer-1
Reduced model

Atomistic model ==p




Triple Crossover (TX) Molecule

NanoEngineer-1
Reduced model

Atomistic model ==p




Example: 4-Point Star Tile and Lattice

H. Yan, T.H. LaBean, et al.
DNA-Templated Self-Assembly of Protein Arrays and Highly Conductive Nanowires
Science 301, 1882-1884. (2003)



Example: DNA Polyhedra

3-Point Star
Tetrahedron

28 unique strands
1068 bases

3-Point Star with

“Sticky” Ends
7 unigue strands
246 bases

3-Point Star
Dodecahedron
140 unique strands
5220 bases _aSrssh

Chengde Moa, et al.

“Hierarchical self-assembly of DNA into symmetric supramolecular polyhedra”
Nature, 452:198-201 (March 2008)




Example: Scaffolded DNA Origami

a - f: ff':
100 nm 7‘5%

Paul Rothemund

Folding DNA to create nanoscale shapes and patterns
Nature, 440:297-302 (2006).



DNA Origami Folding Process
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» Scaffold strand (red)
» Staple stands (blue)
» Self-assembles into target structure



“Smiley face” origami (NE1 reduced model)

Smiley Face
294 staple strands
14,300 bases




First NE1 experiment design: Four hole tile

NanoEngineer-1 - [Four-hole. DNAO.mmp]
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AFM Image of “Four hole tile” DNA origami

» All strand sequences
assigned by NE1 and written
to excel file

 All oligonucleotides were
purchased from IDT, Inc.

« Synthesis and imaging
performed by Paul
Rothemund at Caltech

* First attempt worked
(April, 2008)

AFM image courtesy of Paul Rothemund (Caltech)



Rosetta Plug-in for NanoEngineer-1

* This is currently a prototype

* Not available in current release of
NanoEngineer-1 (version 1.1.1)

 Demos:
* Fixed backbone design
* Rotamer optimization



Step 1: Install Rosetta (Windows version)

’ Create C:\Rcsetta ° File Edit View Favorites Tools Help
« Copy rosetta.exe to C:\Rosetta Qs O (T Dsen [ ol

 Address 'U C:\Rosetta

 Copy the Rosetta database into [\ e+ |
C:\Rosetta\rosetta database =il

the Web
& Share this Folder

e Local Disk (C:)

(£} My Documen ks

[ Shared Documents

:* My Computer
&3 My Network Places




Step 2: Edit C:\Rosetta\paths.txt

path is first '/', './',
INPUT PATHS:

pdbl

pdb2

alternate data files
fragments

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

starting structure

data files

OUTPUT PATHS:

movie

pdb path

score

status

user

FRAGMENTS: (use '****%!
2

3

aa*****03 05.200 vl 3

9

aa*****09 05.200 vl 3

Rosetta Input/Output Paths (order essential)

or '../' to next whitespace, must end with '/'

/Rosetta/
/Rosetta/
/Rosetta/rosetta database/
/Rosetta/
jones) /Rosetta/
/Rosetta/
/Rosetta/
/Rosetta/
/Rosetta/rosetta database/

/Rosetta/

/Rosetta/

/Rosetta/

/Rosetta/

/Rosetta/

in place of pdb name and chain)

number of valid fragment files
frag file 1 size
name
frag file 2 size
name




Step 3: Enable Rosetta as a NE1 plug-in

o

. Start NanoEngineer-1

Select Edit > Preferences

In the Preferences dialog,
select Plug-ins

Check Rosetta
Check Rosetta DB
Click OK

AAAAA

RIERENE

HEOO

MegaPOV: :




File > Fetch > PDB from RCSB
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PDB file loaded

= NanoEngineer-1 - [Untitled]*

File Edit View Insert Tools Simulation Rendering Help
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Build > Protein
(new command set in development)

-

= NanoEngineer-1 - [Untitled]*

File Edit View Insert Tools Simulation Rendering Help
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nanorex

v X K2)

Message @)

lUse appropriate command in the command
toolbar to modify a Protein,

If you change the sequence, make sure to

hit Enter key at the end so that the

P Sy |

Parameters A)
Mame: 2gbla v

Amino Acids: 56

Edit Sequence 3

Global display
style was
changed to
“Protein” display
style

Global display style: @Protein v |EJ




Edit Protein Display Style

r
= NanoEngineer-1 - [Untitled]*

File Edit View Insert Tools Simulation Rendering Help
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Edit Rotamers

= NanoEngineer-1 - [Untitled]*
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Message (A)

Edit protein rotamers.,

Position @A)
Residue: 2gb1A[3] : TYR[3] v

Previous A&
Mext A&

[ rRe-center view
Lock edited rotamers

Expand All
| Collapse all
Show Sequence

Sequence Editor & X 83
@ Find: v @ :@ Replace: Replace
B I e e B L e 6 R 8 S
(om )
Sequence: Y G G AVDAATA FREYA! GV G YOLA F
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Global display style: @Protein v |EJ




Edit Residues

r
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Sequence A)
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1D Set Descriptor e

| 1 Same M
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O 3 Locked ¥
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O s Same N
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Simulation > Rosetta

= NanoEngineer-1 - [Untitled]*
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Sequence (@)
[] Re-center view on selected residue
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8 Same N
9 Same G
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Rosetta Results
(designed sequence inserted into model automatically)

» NanoEngineer-1 - [Untitled]*

File Edit View Insert Tools Simulation Rendering Help
= P~
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= qb & =Y
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o | &8 ® &
Build Insert Tools Move Simulation
® &
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I[ MNew H Remove H Apply }I
Sequence @
[] Re-center view on selected residue
‘[ All ][ MNone J[ Invert }I
(o] Set Descriptor o
1 Same M
2 Locked T
3 Locked Y
4 Any PGAVILMFUYCSTNQDEHKR
5 Any PGAVILMFUYCSTNQDEHKR
g Any PGAVILMFUYCSTNQDEHKR
7 Any PGAVILMFUYCSTNQDEHKR
8 Same N
9 Same G
10 Same K_
11 Polar STNQDEHKR
12 Polar STNQDEHKR
13 Polar STNQDEHKR
14 Same G
15 Same Q
16 Same T
17 Same T
18 Same T
19 Same 0
20 Same _A v
’ Show Sequence
v

Po—— - - x ‘ N
& Rosetta Simulation Parameters

“~ Rosetta

Enter number of simulations: |1 =
[] Expand rotamer library for chit angle

[ use large chit library for aromatic residues

[] Expand rotamer library For chiz angle

[] use large chi2 library only for aromatic residues
[] Expand rotamer library for chi3 angle

[] Expand rotamer library for chi4 angle

[] optimize one-body energy

[] Ty both histidine tautomers

[] use softer Lennard-Jones repulsive term

[ use electrostatic repulsion

[] pon't re-pack disulphide bonds

Command line options:
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Global display style: | {3 Protein v %l




Rosetta Results
(designed sequence inserted into model automatically)

r

» NanoEngineer-1 - [Untitled]*
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[ Re-center view on selected residue differences in designed sequence shown in red: 5
T =
MTYKLILNGEKTLEGETTTEAVDAATAERVFEQYANDNGVDGEWTYDDATKTFTVTE
D Set Descriptor fi| 2gblA_out_ 0001 @
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Compare

v
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Free Download

URL: www.nanorex.com
Username: rosettacon2008
Password: rosettacon2008

Tutorials: www.nanoengineer-1.net
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