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Antibodies recognize and bind targets using six
complementarity determining region loops




CDR loops have been extensively studied
and characterized

 For 5 of 6 CDR loops, there are robust rules that define
canonical structures

« The HCDR3 loop is extremely variable and only

canonical domains can be identified
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Many modeling technigues cannot
predict HCDR3 loops
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How can we use Rosetta to model
antibodies?

Identify homologous Graft canonical De novo
framework regions CDR loops model HCDR3



De novo loop modeling in Rosetta

2° Structure Prediction,
PDB Fragments,
Energy Function,
Restraints

Vv

de novo modeling

DV

Primary Sequence

Tertiary Structure



De novo loop modeling in Rosetta

« Stage 1: Remodel (Cyclic Coordinate Descent (CCD))
« Fast broad sampling of backbone conformations (centroid)

« Stage 2: Refine (Kinematic Loop Closure Method (KIC))
 All-atom side chains, evaluated with Rosetta’s high-resolution

scoring function.
<

Canutescu, A. A., & Dunbrack, R. L. (2003). Protein Science, 12(5), 963-972.




Necessary input files for the de
novo loop modeling protocol

 FASTA file of your antibody sequence
« Secondary structure prediction files
 Fragment library files

* Options file

* (Optional) Constraints file



Fragment library generation



What are fragments?
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Fragment file generation

Pick
Candidates

Select
Fragments

Vall database

Primary sequence

Secondary structure prediction
NMR data (if applicable)

Gather all possible fragments
Score candidates based on input

Keep the best N fragments
Default = 200 per sequence
Write to fragment files



Making fragments with Robetta

http://robetta.bakerlab.org/

[ Register /Update ] [ Login ]

Model 1 Target — T0513

) g'f |
u%? \

=
2.66 A over 62 residues

i [Queue ] [ Submit] —_—
[Queus ][ Submit] [Queue ][ Submit] [Queue][Submit] [Queues][ Submit]
[Queue ][ Submit ] [ Register / Update ][ Docs / FAQs ][ Login ]
RosettaBackrub Server

. Submit a job to the Fragment Server
0.84 A over 39 residues RosettaAntibody Server

RosettaDesign Server "Please submit one job at a time
RosettaDock Server
Rosetta Commons

[Docs /FAQs ]

s ¢ ROBETTA

[ Queue ] [ Submit ]

de novo prediction by Robetta in CASP-8

Foldit + |dentifier must be at least 5 alphanumeric characters
Rosetta@home
Required
o Registerad Username: Registered Email Address:
or P ST EE———
- ROBETTH stephanie.j. hirstifvanderb
’ Target Mame:
) 2LZM
Paste Fasta
[ Queue ][ Submit] [ Queue][Submit] [Queue][Submit] [Queue][Submit] = 2LIM Sequence
[ Register / Update ] [ Docs / FAQs ][ Login ] ITKDEAEKLFNODVDAAVRGILRNAKLEPYVYDSLDAVRRCALINMYFOMCETGY

ACFTMELAMLOOKAWDEAAYNLAKSRWYMOTPMNRAKRVITTFRTCTWDAYKML

Fragment Server Queue

0 Job(s) Queued A
Usemame: Target: Hast: Aot} (Coar)  (Search or Upload Fasta: | cuesse fie) no file selected
Page 1 2 3458
ID  Status Date (PST) Usemame Length Target Host Al
18162 Complate 02/10/11 10:48:48 AM  vjl 296 anceu dhop128038158138 cantralxx < Optional
18161 Complete 02/10/11 10:44:02 AM jamsmad 28 1GZLIEnd titan sx \dentfiar ZLZM
18160 Complete 0210/11 10:14:37 AM jamsmad 22 1GZLShort titan s
18159 Complete 02/10/11 09:36:01 AM zwenthor 38 212v4 Farid-HP.vsnet.x.x Exclude Homologues:
18158 Complete 02/10/11 09:15:17 AM zwenthor 41 1K1V Fand-HP.vsnet.xx
181567 Complete 02/10/11 09:11:08 AM zwenthar 41 1K1V Farid-HP.venat.x.x Rosetta NMR (click links below for input format)
18156 Complete 02/10/11 08:31:07 AM jamsmad 26 1GZLFrant titan x3x Chemical Shifts; [ Cwoswe Fie | no file selected
18155 Complete 02/10/11 08:30:07 AM jamsmad 28 1GZLAdd titan.sex NOE Constraints: [ Cuesse fie ) no file selected
18154 Complete 02/10/11 07:51:36 AM jamsmad 24 1GZLAdd titan scx Dipalar Constraints: [ cwes Fie | no file selected
18153 Complete 02/10/11 07:12:33 AM jamsmad 24 1GZLDel titan sx =lpoar Lonslants
18152 Complete 02/10/11 04:32:04 AM Orly Dym 441 PAN wiswebZ2-outweizmann.x.x P
18151 Complete 02/09/11 08:03:47 PM  maruti 58 GB1 142.150.xx
18150 Complete 02/09/11 09:27:50 AM  drx 178 ] 128.231.30x
18149 Complete 02/09/11 08:35:47 AM  gise 126  Nav beta-2 exira 139.124.xx

18148 Complete 02/09/11 08:33:55 AM zwenthor 208 1EOG 129.174.x.x



Making fragments with the Fragment Picker

* Using the fragment picker provides more
control over fragment generation

* The fragment picker Is an application
within Rosetta, and is run from the
command line

* Qutput files from Robetta can be used as
preparation files for the fragment picker



Rosetta options file



Loop building options

-s 4m5y _renum.pdb #Starting pdb with loops to rebuild

-loops:loop_file 4m5y_.loops #Loop file, defining which loop to rebuild

-loops:extended true #Force phi-psi angles to be set to 180 degrees
-loops:idealize_after _loop_close #Give idealized phi and psi angles after loop Is closed
-loops:relax fastrelax #Does a minimization of the structure in the torsion space
-loops:fast #Decreases the monte carlo cycles of loop rebuilding, decreasing comp time
-loops:frag_sizes 9 3 1 #Fragment lengths

-loops:frag_files 4m5y frags.200.9mers 4mby_frags.200.3mers none

-loops:remodel quick ccd #Use CCD for coarse loop modeling

-loops:refine refine_kic #Refine with KIC

-score:weights talaris2014.wts

-out:file:fullatom #Output file will be full-atom

-ex1 #Include extra chil rotamers

-ex2

-nstruct 2 #Number of models to build. 1000 recommended for production runs



Rosetta constraint files



Why combine experimental
restraints with Rosetta?
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HCDRS3 torso domain conformations

Bulged Non-bulged or
extended



Bulged torso structures share similar
seguences
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The bulged torso sequence motif is

germline encoded
Q_\_/_

Bulged Consensus

a—

3_

1 —~———
 ——— s—— ————
T1 T2

o—
N

bits

T6 T7 c

Germline Consensus

23—




HCDRS3 torso domain conformations

Bulged Non-bulged or
extended



Protein backbone structure
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Bulged and non-bulged dihedral angle

measurements differ

Psi (radians)

Psi (radians)

Phi (radians)

Phi (radians)
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Rosetta uses knowledge-based
restraints to restrict modeling

* Rosetta constraint files apply a score penalty to models
that break defined rules

Nearest Angle Radians( e, 20) — 20 :
flx) =

sl
Dihedral C 95 N 96 CA 96 C 96 CIRCULARHARMONIC -2.5 0.2
Dihedral C 96 N 97 CA 97 C 97 CIRCULARHARMONIC -1.7 0.3
Dihedral C 97 N 98 CA 98 C 98 CIRCULARHARMONIC -1.8 0.6
Dihedral C 121 N 122 CA 122 C 122 CIRCULARHARMONIC -2.0 0.8
Dihedral C 122 N 123 CA 123 C 123 CIRCULARHARMONIC -1.7 0.5
Dihedral C 123 N 124 CA 124 C 124 CIRCULARHARMONIC -1.5 0.3
Dihedral C 124 N 125 CA 125 C 125 CIRCULARHARMONIC -2.3 0.4
Dihedral N 96 CA 96 C 96 N 97 CIRCULARHARMONIC 2.6 0.2
Dihedral N 97 CA 97 C 97 N 98 CIRCULARHARMONIC 2.5 0.2
Dihedral N 98 CA 98 C 98 N 99 CIRCULARHARMONIC 2.4 0.5
Dihedral N 122 CA 122 C 122 N 123 CIRCULARHARMONIC 2.8 0.5
Dihedral N 123 CA 123 C 123 N 124 CIRCULARHARMONIC 1.8 0.3
Dihedral N 124 CA 124 C 124 N 125 CIRCULARHARMONIC -0.6 0.5
Dihedral N 125 CA 125 C 125 N 126 CIRCULARHARMONIC 2.3 0.3




Additional loop building options
needed to apply restraints

-score:weights talaris2014.wts

-score:patch dihedral _cst.wts_patch #Patch to turn on dihedral term
-constraints:cst_file 4m5y _bulged.constraints #Your restraints file
-constraints:cst_weight 1 #\Weight all of the constraints by 1
-constraints:viol

-constraints:viol level 101



Analyzing your results



Analyzing Rosetta HCDR3
modeling results: score vs. rmsd
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Analyzing Rosetta HCDR3
modeling results: score vs. rmsd

HCDRS3 total score (REU)
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Analyzing Rosetta HCDR3

modeling results: visualize it!
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Today's tutorial

Antibody: 5J8 PDB ID: 4M5Y
HCDRS3 length: 17 HCDRS3 torso: Bulged




