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Reviews

* "Powder Crystallography on Macromolecules”,

Acta Cryst. A64, 169-180 (2008)
I. Margiolaki & J. P. Wright

. “Macromolecular Powder Diffraction”,
Book Chapter for the International Tables of Crystallography-

Volume H: Powder Diffraction, In Press
|. Margiolaki

“Macromolecular Powder Diffraction: Ready for genuine biological problems”

Protein & Peptide Letters, In Press
F. Karavassili & |I. Margiolaki




What are the options?

NMR Spectroscopy X-ray Single Crystal
Diffraction

No need of crystals Crystals of ~ 50 - 100 pm

Maximum MW limit Crystallization may be problematic

Bieri M, Kwan AH, Mobli M, King GF, Mackay JP, Gooley PR.

Macromolecular NMR spectroscopy for the non-
spectroscopist: beyond macromolecular solution structure Evans, G., Axford, D., Waterman, D., Owen, R.L.
determination. Macromolecular microcrystallography.

FEBS J. 2011 Mar;278(5):704-15. 2011 Crystallography Reviews. 17, 105-142. 2011



Protein Crystalline Precipitates

Can we extract any structural information
from a protein polycrystalline sample?

L.



Preliminary powder data in the 80s

1980 - The first micro crystals

Obtained
after
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A. YONATH ET AL.
J. Mol. Biol. 1984
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The first protein structure refinement using powder diffraction data:
Whale Metmyoglobin

R. B. Von Dreele
J. Appl. Cryst. (1999). 32, 1084-1089



Protein Crystallin




GOOD VS BAD PRECIPITATES

UPPSALA
UNIVERSITET

alendar

Tutorial 2.
Precipitates

Crystallization Tutorials promising precipitates
uing. Except fordrops

Lol

Courtesy: Prof. Terese Bergfors, http://xray.bmc.uu.se/~terese/tutorial2.html



Protein Crystallization & Phase Diagrams

Protein crystallization and phase diagrams: Neer Asherie, Methods 34 (2004) 266—272



PROTEIN POWDERS







A VIRUS PROTEIN DOMAIN “SINGLE URCHIN" IN A GRID

http://www.mitegen.com/



EMBL HC1b device

Papageorgiou et al., Z. Kristallogr. 225, 576-580 (2010)

ILATUS area detector
er, Yves Watier,
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1999 - present
ESRF- Grenoble, France

New collaborations with other synchrotrons

FRANCE JAPAN

SOLEIL

SYNCHROTRON

SOLEIL est le centre de rayonnement synchrotron frangais
a la fois grand instrument pluridisciplinaire
et laboratoire de recherchs —

o ey %

http://www.synchrotron-soleil.fr/ http://www.spring8.or.jp/en/

SWITZERLAND

http://www.psi.ch/sls/



http://www.spring8.or.jp/en/

ID31: High Resolution Powder diffraction
(i Beamline

Detection of scattered beam using 9
APD detectors and 9 Si(111) analyser
crystals

Thanks to J.-L. Hodeau, M.
Anne, P. Bordet, A. Prat, CNRS, :
Grenoble. g 1Y

» Fitch, J. Res. Natl. Inst. Stand. Technol. 109, 133-142 (2004)
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LAB DIFFRACTOMETER
X' PERT PRO BY PANALYTICAL




PAWLEY FIT OF LAB DATA
Novo Nordisk, Copenhagen i

e
(©
=
O
—
<
S
=
)]
c
)
b
=

| p_,W Ty Mpuamu i A *"‘“'"A .M,M ; A m A enving
‘J V ‘J (

Ll l L) l L) l L} L} l L) l v ] L)

I'IIY‘ T
6 81012141618202224262830

Insulin + nitrophenol (T3R3)
Valmas et al. Acta Cryst. (2015). D71, 819-828;




POWDER DIFFRACTI

A POWERFUL w iY CON
F
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ASPECTS OF OUR STUDIES

= Structure solution of novel
polymorphs

= Structure refinement

= Ligand identification using powder data



Novo Nordisk, Copenhagen
Diabetes Protein Engineering

novo nordisk

Research Collaborators
Gerd Schluckebier & Mathias Norrman

UNIVERSITY - INDUSTRY
COLLABORATION




THE CASE OF HUMAN INSULIN




INSULIN HEXAMERIC CONFORMATIONS

T B,-Bg EXTENDED CONFORMATION

T.R, 3 MONOMERS B,-B, EXTENDED
B,-B, HELICAL
3 MONOMERS : B,-B; EXTENDED




MICROCRYSTALLINE INSULIN

Several polymorphs exist depending on pH of crystallization and
concentration of additives.

Great interest in finding new forms of potentially therapeutic applications. ‘ |

Study microcrystalline insulin crystallized as a function of pH (4 — 8.9) and
with phenol — based additives.

Extremelly rich phase diagram.



HUMAN INSULIN — LIGAND COMPLEXES
CRYSTALLINE PRECIPITATES

PHENOL RESORCINOL
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Unit Cell Volume (A%

resorcinol

C222,
* 00060000

Unit Cell Volume (A®)

P2

Karavassili et al., Acta Cryst. (2012). D68, 1632-1641




HUMAN INSULIN — LIGAND COMPLEXES
CRYSTALLINE PRECIPITATES

M-cresol 4-nitrophenol



HUMAN INSULIN — LIGAND COMPLEXES
CRYSTALLINE PRECIPITATES

M-cresol

4-nitrophenol




ESRF- ID31
[A=1.29989 (3) A, RT]
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Valmas et al. Acta Cryst. (2015). D71, 819-828



HighScore Plus software
(Degen et al., Powder Diffr. 29, S13-S18

Valmas et al. Acta Cryst. (2015). D71, 819-828



PHASE IDENTIFICATION

pH

Valmas et al. Acta Cryst. (2015). D71, 819-828;



RESULTS ON THE NEWS

THE EUROPEAN SYNCHROTRON

The power of powder

Powder diffraction is providing novel insights into the structural characteristics of
formulations used in the treatment of diabetes and other chronic illnesses.

Surtace of an inselin dimer obtained from
pawer diffraction, Mustrating how phasci-
based ligand molecubes (maganta) Nt withis
Secp cavities (binding shes). Gray and green
show 2inc and chioride anloas Iesived In
crystadization, whik blue dotsrepresest
corygen atoms dolonging to water molecules.

http://mag.digitalpc.co.uk/fvx/iop/esrf/1503/



ASPECTS OF OUR STUDIES

‘ |
= Structure solution of novel
polymorphs
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J Structur?ol




A NICE REVIEW ON MR

Doebbler, J. A. & Von Dreele, R’

Application of molecular replacement to prote
from image plates.

Acta 5, 348-355




Collaboration with
EMBL — Hamburg

Mathias Wilmanns




The Second SH3 domain of Ponsin
AN UNKNOWN PROTEIN STRUCTURE SOLVED FROM POWDERS

Intensity (arbitrary units)
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P2,2,2,, a= 24.70420(9) A, b= 36.42638(14) A,
c= 72.09804(26) A

I. Margiolaki, J. P. Wright, M. Wilmanns, A. N. Fitch & N. Pinotsis
J. Am. Chem. Soc. 129, 11865-11871 (2007).




Procedure followed for data analysis for SH3.2

Unit Cell

Model Building &
Rietveld Refinement Final model
B

-

Bhat, T. N. Calculation of an OMIT map. J. Appl. Cryst., 21, 279-281 (1988,)






SH3.2: The final model

544 protein atoms and 36 water molecules were identified
in total OMIT and difference electron density maps.

I. Margiolaki, J. P. Wright, M. Wilmanns, A. N. Fitch & N. Pinotsis.
Second SH3 domain of ponsin solved from powder diffraction
JOURNAL OF THE AMERICAN CHEMICAL SOCIETY 129 (38): 11865-11871 SEP 26 2007

http://www.esrf.eu/news/general-old/general-2007/powder/
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TEST SYSTEM

Hen

egg-white
protein Lysozyme

(HEWL)

Molecular weight 14.4 kDa

Unit-cell (A) =b=79.2

Space-gr

lative root me"an

re intensity
change




HEWL + 6d (Co-crystallisation)

" Blue: Native
Red: +Gd

Native HEWL to Gd derivative

Intensity (a.u.)
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Wright et al., J. Appl. Cryst. 41, 329-339 (2008) & ESRF Scientific Highlights, p. 61-62 (2006).



THE SECONDARY STRUCTURE

Basso et al. Acta Crystallogr D Biol Crystallogr. 2010; 66(Pt 7):756-61.



THE HEWL MIR DENSITY MAP

Images created by Sebastian Basso
http://infoscience.epfl.ch/record/167174




ASPECTS OF OUR STUDIES

= Structure refinement

= Ligand identification using powder data




KEYPOINTS

* COMBINED MULTIPLE PROFILES "

* PERIODIC EXAMINATION OF TOTAL OMIT MAPS GENERATED
FOLLOWING BHAT'S PROCEDURE

*« SYNERGY OF VARIOUS SOFTWARE PACKAGES

Bhat, T. N. Calculation of an OMIT map. J. Appl. Cryst., 21, 279-281 (1988,)
I. Margiolaki & J. P. Wright, Acta Cryst. A64, 169-180 (2008)
Wright et al. Z. Kristallogr. Suppl. 26, 27-32 (2007)



SOFTWARE USED

] : : Home made
Powder Diffraction & CCP14  Single Crystal & CCP4 ESRE APS
A_rea detector data integration CCP4 software package Pawley fit
Fit2D Molecular Replacement PRODD 1
MOLREP '
Indexing PHASER Total Omit maps
DASH _ SFCHECK
Structure Refinement (modified version)
Indexing & Pawley fit CNS
HighScorePLUS REFMAC Data Extraction from
_ PHOENIX Synchrotron
Data viewer _ e Short routines in
FULLPROF Visualization Tools PYTHON
| | WINCOOT Pycluster
Structure Rietveld refinement PYMOL ID31sum

GSAS CHIMERA



PRESENTATION

Structure Refinement

A. C. & Von Dreele R. B. (2004). General Structure Analysis System
AS), Los Alamos National Laboratory Report LAUR 86-748.



ENHANCED STRUCTURE REFINEMENTS

Rigid body description of amino acids

Margiolaki et al.
Acta Cryst. (2013). D69, 978-990



Human Insulin microcrystals

co-crystallised with m-cresol

THE KNOWN POLYMORPH R3 WITH ADDITIONAL LIGAND SITES
(R6 CONFORMATION)

Optical Microscope Transmission Electron Microscope




FRB RIETVELD ANALYSIS:
8 COMBINED SR-XRPD AND LAB- XRPD PROFILES
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THE KNOWN POLYMORPH R3 WITH ADDITIONAL LIGAND SITES
(R6 CONFORMATION

, In Preparation



PRESENTATION

emarks




FUTURE

- CRYSTAL SCREENING l




FUTURE

« COMBINED USE WITH

XFEL measurements on nano-crystalline
precipitates

Electron Diffraction on single nano-crystals

» Spence, Weierstall, Chapman , Rep. Prog. Phys. 75, 102601, 2012
Barty, Kiipper, Chapman , Annual Review of Physical Chemistry 01/2013

» Three-dimensional electron crystallography of protein microcrystals
Shietal., 2013, eLIFE
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