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Crystals of Biological 
Macromolecules 





Πως κρυσταλλώνονται οι πρωτεϊνες 

• Συνήθως με μεγάλη 
δυσκολία! 

• Για διαλυτές πρωτεϊνες: 

• Διάλυση και καθύζηση 

•  (dissolve and then  
precipitate) 

• Κρίσιμες παράμετροι: pH, 
ionic strength, precipitant  

 

• Συνήθως κρυστάλλωση σε 
μικρές σταγόνες 

 

• screens + robots 

 



Crystallization robot 
Douglas Instruments 

OryxNano 

• Minimal amount of sample 

used 

• Accurate and reproducible 

pipetting 

• Quicker experiments 



Κρυστάλλωση Πρωτεϊνών 



(A)  Crystals of wild-type bovine B crystallin.  

(B)  A schematic phase diagram showing the solubility of a protein in solution as a 

function of the concentration of the precipitant present. 

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

Protein crystallisation & phase diagrams 







Protein Polycrystalline Samples 



 hundreds of microcrystals Glass capillary tube containing 
white protein crystalline 
precipitant in brass sample 
holder 

Protein Polycrystalline Samples 
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Chayen, N.E., Saridakis, E., 2008. Nat. 
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Rupp, B., 2010. Biomolecular crystallography: principles, practice, and 

application to structural biology.  



Protein Crystals 

http://www.ruppweb.org 

Unit Cell 

www.doitpoms.ac.uk  

“The pharmacokinetics of NPH vary 

considerably due to the formulation of 

NPH insulin per se and/or lack of 

iappropriate resuspension before 

injection.”  Lucidi et al., 2015 

“Small rod shaped microcrystals less 

than 20μm × 5μm × 5μm in size” 

Norrman et al. 2007 

“NPH remains a popular basal insulin 

in type 2 diabetes mellitus (T2DM).”  

Lucidi et al., 2015 

“Direct characterization: quality 

control and regulatory reasons. 

Extraction of information towards 

improvement of the existing 

formulations.” Norrman et al. 2007 

20 – 80 % solvent 

http://www.ruppweb.org/
http://www.doitpoms.ac.uk/
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X-ray Diffraction 



Electromagnetic Spectrum / X-rays 

Wilhelm Conrad Röntgen 

Physics & X-ray Astronomy 

Discovery of X-rays (1895) 

 Nobel Prize in Physics (1901) 

Ueber eine neue Art von Strahlen 

("On A New Kind Of Rays“) 
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X-Ray 
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dBragg [Å] 17.000 1.000 1 0.3 

ESRF Highlights, 2006 

https://www.esrf.eu/UsersAndScience/Publications/Highlights/2006


X-ray scattering / diffraction 

0.005 0.1 160 80 5 2θ [deg] 

X-Ray 

Diffraction 

(XRD) 

dBragg [Å] 17.000 1.000 20 1 0.3 

Bragg’s Law: nλ = 2d sinθ 

Constructive Interference 

λ 

θ 

θ θ 

2dsinθ = path length between x-rays 

dsinθ dsinθ 

d 

Destructive 

Interference 

• n a positive integer  

• λ is the wavelength of the 

incident X-rays,  

• d is the interplanar 

spacing of the crystal 

and  

• θ is the angle of 

incidence. 



X-ray diffraction 

Single Crystal (SCXD) & Powder (XRPD) 

SCXD  
Traditional Method 

• Can be very difficult to grow 

large enough single crystals of 

some molecules 

• Very small amount of molecule 

required 

• Easy data handling/data 

processing 

XRPD  
Complementary Method  

• Complexed systems have 

hundreds diffraction peaks which 

are usually highly overlapped-

loss of information! 

• Polycrystalline powder can 

often be obtained when a good 

single crystal cannot 

•Study of sub-micron or twinned 

samples 
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• Ease of use  

• Minimum sample 

preparation  

• Investigation of nano-

crystalline compounds 

• Measure of crystalline 

state and composition 

• Low detection limits and 

quantification of 

polymorphic impurities 

XRPD 
Why & What 

Basso et al.,2005, Acta Cryst. D61, 1612–1625. 



diffracted beam 
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X-ray diffraction 

Single Crystal (SCXD) & Powder (XRPD) 

diamond.ac.uk 

SCXD 

XRPD 

A common full dataset:  

360° cryst. rotation/1800 diff. images 

(1 image per 0.2°) 

https://www.diamond.ac.uk/industry/Industry-News/Latest-News/Synchrotron-Industry-News-Powder-Diffraction.html
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A case study of a virus protein domain 



Mayaro virus disease: an emerging 
mosquito-borne zoonosis in tropical 
South America. 
Clin Infect Dis. 1999 Jan;28(1):67-73 
 

Emerging Viruses 

nsP3 macro domain of Mayaro virus 



“Sea Urchin” crystals of MAYV 

AFMB: Nicolas Papageorgiou, Bruno Canard,  
Bruno Coutard & Violaine Lantez 

UPAT: Elena Kotsiliti, Alexandros Valmas 



2



0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0

In
te

n
s
it
y
 (

a
rb

it
ra

ry
 u

n
it
s
)

0

50

100

150

200

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0

1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0

d = 6.66 Ε

Data collected at ID11- ESRF 

P31, a = 61.603(3) Å, c = 94.619(5) Å 
2 molecules/ asu, 58% solvent content 



Open air single urchin measurements 



EMBL HC1b device 

ID14- 2, area detector 
λ=0.9934 Å 
 
Matthias Bowler, Yves Watier, 
Nicolas Papageorgiou, Irene Margiolaki 
 

 



Data collected at ID14- ESRF 
From a single urchin 
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Preliminary results after MR and RB 

P31, a = 61.603(3) Å, c = 94.619(5) Å 
2 molecules/ asu, 58% solvent content 

Preliminary insights into the non structural protein 3 macro domain 

of the Mayaro virus by powder diffraction. 

Z. Kristallogr. 225 (2010) 576–580 (EPDIC12 proceedings - Invited) 

 

Nicolas Papageorgiou,   Yves Watier,  Lucy Saunders,  Bruno Coutard , Violaine Lantez,  Ernest A. Gould,   

Andrew N. Fitch,  Jonathan P. Wright, Bruno Canard & Irene Margiolaki  

 



A case study of protein crystals grown  

“in cell” 





 

 

 

A very nice website regarding protein 

crystallization 

https://xray.teresebergfors.com/ 

 

 



Resources 

• https://sites.google.com/view/margiolaki-biology-upat/educational-material 

• https://xray.teresebergfors.com/ 

• https://www.mdpi.com/journal/crystals/special_issues/special_physical_environments?fbclid=IwA
R0cSJTOUb21RXlqEiOn4goTBJPYeh238jhcdPAw-Hen5Lni2c207gyV0lo 

• https://www.researchgate.net/publication/7733332_Protein_crystals_for_the_delivery_of_biophar
maceuticals 

• https://drive.google.com/file/d/10APQ2i0B7JbHRMdGtFPmMTFFxPBnuIoG/view 

 

 

 

Books 

• T.L. Blundell & L.N. Johnson (1976), "Protein Crystallography", Academic Press: London. 

• Jan Drenth (1994), "Principles of Protein X-ray Crystallography", Springer-Verlag: New York. 

• D. Sherwood (1976), "Crystals, X-rays and Proteins", Longman: London. 

• Rupp, B. (2009). Biomolecular Crystallography. Hamden: Garland Science. 

• https://utopia.duth.gr/glykos/pdf/Protein_crystallography.pdf 

• A. Valmas, PhD thesis, University of Patras (2020). 
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https://www.researchgate.net/publication/7733332_Protein_crystals_for_the_delivery_of_biopharmaceuticals
https://www.researchgate.net/publication/7733332_Protein_crystals_for_the_delivery_of_biopharmaceuticals
https://drive.google.com/file/d/10APQ2i0B7JbHRMdGtFPmMTFFxPBnuIoG/view
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