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Crystallography 101

PHASE PROBLEM



BioMAX at MAX IV: highly automated

movie by Uwe Müller, MAX IV



Crystallisation the old-fashioned way
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Crystallisation the modern way
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• Robotic methods allow drops as small as 25 nl (0.025 μl), usually we use ~100 nl
• By hand one can only do ~1 μl, thus robotic methods consume 10–40 times less protein
• Robotics are expensive, so well-suited to core facilities
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A systematic screen: PACT Premier
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96-well	plate



A “shotgun” screen: JCSG+
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JCSG+ is essentially a collection of conditions that worked well for (mostly prokaryotic) proteins in the 

Joint Structural Genomics Consortium (JCSG; www.jcsg.org), who have solved > 1500 crystal structures



High-throughput crystallisation at LP3

Tecan Freedom Evo 150
reformatting of crystallisation 

screens
Rigaku Minstrel HT UV 

imaging unit

TTP Labtech mosquito LCP
nanolitre dispensing

Jansi Uvex p256
imaging unit

TTP Labtech dragonfly
optimisation screens



Efficient protein characterisation and crystallisation
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nanolitre dispensing robot enables low-
volume, high density crystallisation trials in 
96-well plates, with 1-3 protein drops per 
well, with minimal sample consumption

UV imaging enables unambiguous 
identification of protein crystals 
Images stored in web-accessible database

Thermofluor (DSF) enables identification of 
maximally stabilising conditions for 
crystallisation

Dynamic light scattering enables analysis of 
effects of buffers and additives on 
aggregation



• Purity and homogeneity of a protein sample is critical for crystallisation
• Application of orthogonal biophysical characterisation methods can be very helpful
• Stability of protein towards unfolding is somewhat correlated to its ability to crystallise
• Unfolding can be studied by the exposure of hydrophobic surface upon heating, using a 

fluorescent dye as a probe - differential scanning fluorimetry (DSF)
• Additives that significantly increase the stability will also increase the probability of 

obtaining crystals

Improving crystallisability: DSF

Effect of 7 different 
additives on a protein of 

unknown function



nanoDSF

• Prometheus NT.48 from Nanotemper 
• Allows extremely accurate 

measurement of unfolding curves using 
the intrinsic fluorescence of Trp and Tyr 

• Independent of reporter dye 
• Back-reflection technology allows 

simultaneous detection of aggregation 
• Disadvantage: done in capillaries



Improving crystallisability: DLS

• Generally, only samples that have a reasonably narrow, monomodal size distribution will 
crystallise

• This can be studied using dynamic light scattering (DLS)
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monodisperse 
protein solution

polydisperse 
protein solution



Protein characterisation at LP3

Dynamic light scattering: Malvern Zetasizer 
APS

NanoDSF: Nanotemper Prometheus
uses intrinsic Trp/Tyr fluorescence instead of an 

extrinsic dye

https://www.youtube.com/watch?v=AIugRtTe3rw



Automated visualisation of  the experiments

http://www.youtube.com/watch?v=L4JNO6TOX2U



The facility today

Facility	director:		 Derek	Logan	
Research	engineers:		Maria	Gourdon	(maria.gourdon@biol.lu.se)	
																																						Céleste	Sele	(celeste.sele@biol.lu.se)	

screen manufacturer

PACT	Premier Molecular	Dimensions

JCSG+ Molecular	Dimensions

ProPlex Molecular	Dimensions

Structure	screen	1	+	2 Molecular	Dimensions

Morpheus Molecular	Dimensions

MemStart	&	MemSys Molecular	Dimensions

Memgold Molecular	Dimensions

Stura	Footprint	/	MacroSol Molecular	Dimensions

Crystal	Screen	1	+	2 Hampton	Research

PEG-Ion	Screen	1 Hampton	Research

PEG-Ion	Screen	2 Hampton	Research

Crystal	Screen	Cryo Hampton	Research

screen manufacturer

AddiPve	Screen Hampton	Research

Detergent	Screen Hampton	Research

we also have buffer screens used in DSF and DLS studies of protein stability

What is needed: 15 microlitres of 
pure, monodisperse protein (at 1-10 

mg/ml) for a 96-condition screen

(much less for biophysical 
characterisations)



New developments: membrane protein crystallisation
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1976 
(13)

2019 
(156365)

structures deposited in the Protein Data Bank (www.pdb.org) 
156365 structures of  ~55 000 unique proteins  

(at 90% sequence identity)

Total membrane protein structures
as of 1/10/2019

2848 structures from 949 unique 
membrane proteins
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Difficulties in membrane protein crystallisation
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“borrowed” from Susanna Horsefield



Lipidic cubic phase

monooleinLCP



No. of  LCP structures is growing exponentially

19http://cherezov.usc.edu/structures.htm

as of July 2015



LCP is somewhat tricky to handle
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Generate the cubic phase

Dispense the cubic phase

LCP	Pp

TTP Labtech 
mosquito LCP



Example of  synergies we can achieve

Zoë 
Fisher


