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Applications of crystal structures in antibody development

* Antibody engineering
- antibody humanization
- antibody optimization
* Epitope mapping

e Mechanism of action

Janssen Structural Biology group

Structures solved in 7 years: 165
(more than doubled over last 2 years)

Our experience: MMS is a very effective method to optimize protein crystallization
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Microseed-Matrix Screening

Ireton G.C. & Stoddard B.L. (2004) Acta Cryst. D60, 601-605.
D’Arcy A., Villard F., Marsh M. (2007) Acta Cryst. D63, 550-554.

Microseeds are systematically added into different crystallization solutions

Procedure:
» perform initial crystallization screens
» if crystals/microcrystals appear, prepare seed stock solutions:
- homogenize seeds (vortex/grinder)
- use reservoir solution to stabilize crystals
- dilute seed stock and freeze
» run crystallization screens again — introduce seeds into all droplets

» optimize crystallization if necessary
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MMS is an effective method to optimize protein crystallization

If you want to ...

e improve morphology and diffraction quality
e reduce time for optimization
e avoid refinement of conditions
e increase the number of hits
e find different crystal forms
e achieve high reproducibility
e automate optimization
e identify most promising hits
e reduce amount of protein
...then try MMS!
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MMS: improve morphology, reduce optimization time

X-ray quality crystals were obtained without optimization screening

Initial screening — needles

U

MES pH 6.5 Tris pH 8.5 Tris pH 8.5

PEG 8K PEG 3K PEG 3K
AmmAcetate Li,SO, Seed stock - mixture of crystals

from different conditions

U

MMS screening with the same
screen - X-ray quality crystals

MES pH 6.5 Tris pH 8.5 HEPES pH 7.5
PEG 3K PEG 3K PEG 3K
AmmAcetate AmmAcetate AmmCI
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MMS: increase the number of hits

Only one hit was obtained from
screening with cross seeds

Cross seeds:
homologous protein |:>
MMS
with new self seeds

30% PEG 4000
0.2 M AmmS0O4

MMS results with self-seeds (the same screens)

pH 3.5 PEG 8000 pH 7.5 PEG 8000 pH 4.5 PEG 3350 pH 4.5 PEG 3350 PEG 3350 pH 4.5 AmmSO4
0.2 M AmmSO4 0.2 M LiCl 1 M LiCl
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MMS: seed stock dilution

Concentrated seeds Crystals used for seeds 50x-diluted seeds

Proper seed concentration is crucial for MMS success
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MMS: automation

Crystallization drops :

Protein 160 nL
Reservoir 120 nL
Seed stock 40 nL

Dispensing of crystallization ingredients

Oryx Mosquito

three-bore tip allows simultaneous Sequential seeding:

dispensing of the ingredients 1. protein - 2.seeds - 3. reservoir

Multi-aspirate seeding:

1. protein - 2. seeds + reservoir
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Oryx

MMS: comparison of seeding setups

Mosquito Mosquito
multi-aspirate sequential seeding

r ™~
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MMS: comparison of seeding setups (humidity)

Mosquito

70% humidity

40% humidity

Oryx and Mosquito produce similar results, however, one may need to
play with program parameters and dispensing mode
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MMS: effective seed dilution with Oryx

Drop 2 may contain traces of seeds from Drop 1, resulting in an effective seed dilution

Drop 1 Drop 2
protein + reservoir + seed stock protein + reservoir

Without seeding
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MMS: crystallization screens

Ammonium sulfate

2.8 M 24 M 20M

Screens with multiple precipitant concentrations are good for both:

* initial screening

* hit optimization
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Crystallization Flow Path
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Case studies
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MMS cross-seeding: crystallization of antibody-antigen complex

* Initial screening (300 conditions) — no hits
* MMS cross-seeding (200 conditions) — 53 hits

Cross-seeds: Fab-antigen complex with different,
but related Fab

Hits from cross-seeding

most hits needles several good hits some nice crystals

p .
a n:&s e n ‘ PHARMACEUTICAL COMPANIES
J o (ohmonfolhmon Janssen Research & Development | 16



Fab-assisted crystallization: TLR3 complexes

Project goal: Determine the epitope and paratope of three
non-competing TLR3 antibodies

Step 1: Systematic search for crystallizable TLR3
complex

Variants tested: :

* TLR3 + one Fab = 3 combinations

* TLR3 + two Fabs = 3 combinations

*TLR3 +FabA+FabB+FabC Screening of TLR3 + Fab A + Fab B + Fab C complex
resulted in obtaining one hit
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Key strategies for success

» Multiple Fabs acted as crystallization chaperones

» Extensive crystallization trials were coupled with a number of
purification methods

» MMS optimization resulted in obtaining X-Ray quality crystals

Malia, et al. (2011) Acta Cryst. F67, 1290-1295 Luo, etal. (2012) J. Mol. Biol. 421, 112-124
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Cell-surface receptor:Fab co-crystallization

Two non-competing Fabs and three
receptor variants were used in
crystallization trials

Step 1. Initial screening - search for crystallizable complex

3 receptor variants
(C-terminal truncations) x 2 non-competing Fabs = 9 complexes
expressed in Baculovirus

Hits obtained: one receptor variant, two complexes

Fab A:Receptor Fab A:Fab B: Receptor
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Cell-surface receptor:FabA co-crystallization

Hits identified from initial screening

PEG 3350 PEG MW range 300-8K
0.2 M different salts pH 6.5

¢

Fractions pooled for
complex formation

Ammonium sulfate
pH 6.5,9.5
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> MMS helped to identify promising hits

» Fine MonoS antigen purification

» MMS final optimization generated X-ray

improved antigen homogeneity

quality crystals

PEG 3350
0.2 M Ammonium Citrate
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Cell-surface receptor:FabA:FabB co-crystallization

Attempts to co-crystallize FabB with receptor failed

Crystallization of the ternary complex combined
with MMS led to structure determination

Receptor % e Fab B

Key strategies for success

Protein design of multiple antigen variants
Baculovirus expression to reduce glycosylation
Fabs acted as crystallization chaperones

MMS optimization

YV V V V

Fine antigen purification
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Summary

Try MMS.
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