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Quality control

Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis

Visible UV absorption

Spectral Scan of Aromatic Amino Aclids
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Size exclusion chromatography
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quantity of molecular weights A and B.




Multi-Angle static Light Scattering (MALS)
Detector

WyattQELS DLS Module
Dynamic light scattering






SEC MALS analysis






Why such a late elution of the complex Trap-IL4 ?



Hydrodynamic radius Rh

Trap (240kDa):
R, =7.2 nm

Complexe (Trap-IL4, 275kDa):
R,=6.5nm



Thermal Shift Assay (TSA)



Thermal Shift Assay (TSA)


















Crystallisation Principle:
Concentration of crystallisation agent in the well C, and in the
drop C;. Vapour diffusion




Crystal screen

Tube Number ~ Salt

O NP EwN =

0.02 M Calcium Chloride dihydrate
None

None

None

0.2 M tri-Sodium Citrate dihydrate

0.2 M Magnesium Chloride hexahydrate
None

0.2 M tri-Sodium Citrate dihydrate

0.2 M Ammonium Acetate

. 0.2 M Ammonium Acetate

. None

. 0.2 M Magnesium Chloride hexahydrate
. 0.2 Mtri-Sodium Citrate dihydrate

. 0.2 M Calcium Chloride dihydrate

. 0.2 M Ammonium Sulfate

. None

. 0.2 M Lithium Sulfate monohydrate

. 0.2 M Magnesium Acetate tetrahydrate
. 0.2 M Ammonium Acetate

. 0.2 M Ammonium Sulfate

. 0.2 M Magnesium Acetate tetrahydrate
. 0.2 M Sodium Acetate triydrate

. 0.2 M Magnesium chloride hexahydrate
. 0.2 M Calcium Chloride dihydrate

. None

. 0.2 M Ammonium Acetate

. 0.2 Mtri-Sodium Citrate dihydrate

. 0.2 M Sodium Acetate triydrate

. None

. 0.2 M Ammonium Sulfate

. 0.2 M Ammonium Sulfate

. None

. None

. None

. None

. None

. None

. None

. None

. None

. None

. 0.05 M mono-Potassium dihydrogen Phosphate
. None

. None

. 0.2 M Zinc Acetate dihydrate

. 0.2 M Calcium Acetate hydrate

. None

. None

. 1.0 M Lithium Sulfate monohydrate
. 0.5 M Lithium Sulfate monohydrate

Tube Number

Buffer

0.1 M Sodium Acetate trihydrate pH 4.6
None

None

0.1 M Tris Hydrochloride pH 8.5

0.1 MHEPES - NapH 7.5

0.1 M Tris Hydrochloride pH 8.5

0.1 M Sodium Cacodylate pH 6.5

0.1 M Sodium Cacodylate pH 6.5

0.1 M tri-Sodium Citrate dihydrate pH 5.6

. 0.1 M Sodium Acetate trihydrate pH 4.6
. 0.1 Mtri-Sodium Citrate dihydrate pH 5.6
. 0.TMHEPES -NapH 7.5

. 0.1M Tris Hydrochloride pH 8.5

. 0.1MHEPES - NapH 7.5

. 0.1 M Sodium Cacodylate pH 6.5

. 0.TMHEPES -NapH 7.5

. 0.1 M Tris Hydrochloride pH 8.5

. 0.1 M Sodium Cacodylate pH 6.5

. 0.1 M Tris Hydrochloride pH 8.5

. 0.1 M Sodium Acetate trihydrate pH 4.6
. 0.1 M Sodium Cacodylate pH 6.5

. 0.1 M Tris Hydrochloride pH 8.5

. 0.TMHEPES -NapH 7.5

. 0.1 M Sodium Acetate trihydrate pH 4.6
. 0.1 MImidazole pH 6.5

. 0.1 M tri-Sodium Citrate dihydrate pH 5.6
. 0.TMHEPES - NapH 7.5

. 0.1 M Sodium Cacodylate pH 6.5

. 0.1MHEPES -NapH 7.5

. None

. None

. None

. None

. 0.1 M Sodium Acetate trihydrate pH 4.6
. 0.1 MHEPES - NapH 7.5

. 0.1 M Tris Hydrochloride pH 8.5

. 0.1 M Sodium Acetate trilydrate pH 4.6
. 0.1MHEPES-NapH 75

. 0.1MHEPES - NapH 7.5

. 0.1 Mtri-Sodium Citrate dihydrate pH 5.6
. 0.1MHEPES - NapH 7.5

. None

. None

. None

. 0.1 M Sodium Cacodylate pH 6.5

. 0.1 M Sodium Cacodylate pH 6.5

. 0.1 M Sodium Acetate trilydrate pH 4.6
. 0.1 M Tris Hydrochloride pH 8.5

. None

. None

Tube Nurber  Precipitant

30% viv 2-Methyl-2.4-pentanediol

0.4 M Potassium Sodium Tartrate tetrahydrate

0.4 M mono-Ammonium dihydrogen Phosphate

2.0 M Ammonium Sulfate

30% viv 2-Methyl-2.4-pentanediol

30% wav Polyethylene Glycol 4000

1.4 M Sodium Acetate triydrate

30% viv iso-Propanol

30% wiv Polyethylene Glycol 4000

10. 30% wiv Polyethylene Glycol 4000

11. 1.0 M mono-Ammonium diydrogen Phosphate

12. 30% viv iso-Propanol

13. 30% viv Polyethylene Glycol 400

14. 28% viv Polyethylene Glycol 400

15. 30% wiv Polyethylene Glycol 8000

16. 1.5 M Lithium Sulfate monohydrate

17. 30% Polyethylene Glycol 4000

18. 20% Polyethylene Glycol 8000

19. 30% viv iso-Propanol

20. 25% wiv Polyethylene Glycol 4000

21. 30% viv 2-Methyl-2,4-pentanediol

22. 30% wiv Polyethylene Glycol 4000

23. 30% viv Polyethylene Glycol 400

24, 20% viv iso-Propanol

25. 1.0 M Sodium Acetate trihydrate

26. 30 % viv 2-Methyl-2,4-pentanediol

21. 20% viv iso-Propanol

28. 30% wiv Polyethylene Glycol 8000

29. 0.8 M Potassium Sodium Tartrate tetrahydrate

30. 30% wiv Polyethylene Glycol 8000

31. 30% wiv Polyethylene Glycol 4000

32. 2.0M Ammonium Sulfate

33. 4.0 M Sodium Formate

34. 2.0 M Sodium Formate

35. 0.8 M mono-Sodium dilydrogen phosphate
0.8 M mono-Potassium dihydrogen phosphate

36. 8% wiv Polyethylene Glycol 8000

37. 8% wiv Polyethylene Glycol 4000

38. 1.4 Mti-Sodium Citrate dihydrate

39. 2% viv Polyethylene Glycol 400, 2.0 M Ammonium Sulfate

40. 20% viv iso-Propanol, 20% wiv Polyethylene Glycol 4000

41. 10% viv iso-Propanol, 20% wiv Polyethylene Glycol 4000

42. 20% wiv Polyethylene Glycol 8000

43. 30% wiv Polyethylene Glycol 1500

44, 0.2 M Magnesium Formate

45. 18% wiv Polyethylene Glycol 8000

46. 18% wiv Polyethylene Glycol 8000

47. 2.0 M Ammonium Sulfate

48. 2.0 M mono-Ammonium dihydrogen Phosphate

49. 2% wiv Polyethylene Glycol 8000

50. 15% wiv Polyethylene Glycol 8000

ODd®NPAMWWND =






Automatization of the screen

Screen 3 x 96 conditions

Nano drop dispensing robot

reduction of the size of the drops :

- smaller amount of protein needed

- more conditions tested

- crystallization more rapid (small volume)



Visualization robot






L Optimization : range of precipitant concentration



Fine-sampling of pH

/
T



8x8 optimization matrix

crystallization
conditions of the hit




additive screen

Additive Screen HT is a kit designed to
allow rapid and convenient evaluation

crystallization
conditions of the hit

of 96 unique additives and their ability

to influence the crystallization

of the sample.




re-screen

crystallization

conditions of the hit 2/3 + 1 /3

MDL screen C10

Monalysin

optimization from
Wizard screen G1



seed stock

\4

Microseed matrix seeding

H4 morpheus E4 morpheus

seed stock
The use of seeding has been

extended by the microseed
matrix screening (MMS)
approach, in which seeds are
systematically transferred into
new conditions to promote
crystal growth (Ireton &
Stoddard, 2004)

F4 LMB



Crystallization chaperones

*
3
x *
*
¥ C
* * rystallophore
Crystallophore is a cationic
* * lanthanide complex that :
¥ NN * - promotes crystallization
N * ;;E * ¥ highly facilitates the structure
s il > determination process
* *» **’ * *

Engilberge et al. (2017) Chemical Science
Vogeli et al. (2018) PNAS



Crystallophore

Engilberge et al. (2017) Chemical Science
Vogeli et al. (2018) PNAS



Recombinant crystallization chaperones

second, supplementing the amount
of protein surface that can facilitate
primary contacts between molecules

in the crystal lattice.

Koide, COSB, 2009

The strategy to increase the
probability of obtaining well-ordered
crystals is:

first, minimizing the conformational
heterogeneity in the target by binding
to a specific conformation



Recombinant crystallization chaperones

sckFv Nanobody
Fab

Affibody DARPIN Anticalin FN3
Lieberman et al, Methods, 2011



Recombinant crystallization chaperones: Fab

Full-length KcsA with a synthetic Fab (PDB 3EFF)

Koide, COSB, 2009



Heavy chain-only antibodies (HcAbs)

=25 kD

=50 kD

=150 kD

From Desmyter et al, COSB, 2015



Heavy chain-only antibodies (HcAbs)

=25 kD

=50 kD

=150 kD
=90 kD

From Desmyter et al, COSB, 2015

=15 kD



Heavy chain-only antibodies (HcAbs)

camel shark

llama Shark HcAb

Camelid HcAb

vicuna



Nt

Structure and key characteristics of the nanobody domain

Ct

Structure of nanobodies:

v monomeric lg domain of ~120 residues
v one conserved disulphide bond

v framework mutations in residues involved
in the VH-VL interaction (G49E, L50R)

Key characteristics of nanobodies:

v high affinity and specificity
(equivalent to conventional antibodies)
v high thermostability

v/ good solubility and strictly monomeric
behavior

v small size (2.5 nm in diameter and
about 4 nm in length; ~15 kDa)

v relatively low production cost

v ease of genetic engineering, format
flexibility or modularity

v low immunogenicity, and a higher
penetration rate into tissues

From Gonzales-Sapienza et al, Front. Immun., 2017



Live-cell imaging

Nanobodies are ideally suited for cytosolic expression due to their ability to fold
in the reducing intracellular environment.

from Traenkle and Rothbauer, Front. Immun., 2017



Selection and production of camelid VHH/nanobodies @ AFMB

From Desmyter et al, COSB, 2015



Selection and production of camelid VHH/nanobodies @ AFMB

From Desmyter et al, COSB, 2015



Crystal structure of the mouse serotonin 5-HT3 receptor

Hassaine et al, Nature, 2014






nitrogen gaz

200-300 Ks™"

450-550 Ks™*

Liquid propane has a boiling point (231 K) and melting point (83 K) which
are far apart, unlike liquid nitrogen, for which thc boiling point (77 K) and

liquid nitrogen

transient region

film boiling

nucleate boiling

200-400 Ks

<100 Ks1

melting point (63 K) are close. Liquid nitrogen coolingis dominated by
‘film boiling’ (temperature range 250 to 150 K) because of its low

boiling point.

liguid propane

transient region

nucleate boiling

1600-1800 Ks"

<100 Ks™1



Crystal
cryo cooling

Crystal
fishing

Transfert in
cryoprotectant
solution

Flash freezing in
N2 gaz at 100 K



Solving the phase problem with heavy atom derivative

-+ Incorporation of selenomethione (SeMet)
<+ Co-crystallization with heavy atom containing solution

-+ Soaking the crystal in a solution containing heavy atoms

classical heavy atom derivative
lodine et bromine (quick soak)

Tantalum bromide cluster (very big,
green color)







