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VMXi – Centrepiece of Diamond MX
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Automated MX beamlines

Bowler MW, Nurizzo D et al. (2015). MASSIF-1: A 

beamline dedicated to the fully automatic 

characterisation and data collection from crystals of 

biological macromolecules, J. Synchrotron Rad. 22, 

1540-1547.

M Fuchs, R Sweet et al. (2014). NSLS-II MX 

Beamlines FMX for Micro-crystallography & AMX 

for Highly Automated MX. Acta Cryst. A70, C1733 .

MASSIF-1 - ESRF AMX – NSLS-II X06DA - PSI

R. Bingel-Erlenmeyer,V. Olieric, et al. (2011). 

SLS Crystallization Platform at Beamline 

X06DA—A Fully Automated Pipeline 

Enabling in Situ X-ray Diffraction Screening, 

Cryst. Growth Des. 11, 4, 916–923 .

UDC at Diamond now extremely common

http://scripts.iucr.org/cgi-bin/paper?S1600577515016604
http://scripts.iucr.org/cgi-bin/paper?S1600577515016604


Fully-automated room temperature MX

Sanchez-Weatherby J, Sandy, J, et al. (2019). VMXi: a fully automated, fully remote, high-flux in situ 

macromolecular crystallography beamline. J Synchrotron Radiation 26(1):291-301

H. Mikolajek, J. Sanchez-Weatherby, et al. (2023). Protein-to-structure pipeline for ambient-

temperature in situ crystallography at VMXi. IUCr 10: 420-429



SynchWeb VMXi Interface

• Allows rapid analysis of 

crystallisation experiment

• Manual/Auto scoring

• Simple selection of 

point/region(s)

Fisher, S. J., Levik, K. et al. (2015). SynchWeb: A Modern Interface For ISPyB. J. Appl. Cryst. 48, 927-932

• Registration/ 

management of 

experimental plates

• Data collection and 

analysis of results



CHiMP – Crystal hits in my plates

Bruno AE, Charbonneau P, et al. (2018). Classification of crystallization outcomes 

using deep convolutional neural networks. PLOS ONE 13(6): e0198883

King, O.N.F., Levik, K.E. et al. (2024) CHiMP: deep-

learning tools trained on protein crystallization 

micrographs to enable automation of experiments. 

Acta Cryst. D80: 744-764 

• Based on MARCO algorithm

• Finds “objects” for users

• Up to 100 objects per drop marked

• Developing new uses for this AI 

algorithm – ECHO, size of object 

etc

• Soon to be replaced by Chimp-

Chomp – multithreaded update



CrystalMatch

• Matches composite images 

from Formulatrix and beamline 

together to enable sample 

centring

• Calculates which images 

should be used to generate 

composite image

• Outputs a series of X,Y,Z 

coordinates for each object 

selected by user



Collection at room temperature

Discover the potential of your crystals without intervention

Sandy, J., Mikolajek, H., et al. (2024). Crystallization and In Situ Room Temperature Data Collection Using the Crystallization 

Facility at Harwell and Beamline VMXi, Diamond Light Source. J. Vis. Exp. (205), e65964.



Example VMXi data

Multiple crystals selected 

Each sweep - 60 degrees data in ~1 second



Example VMXi data

Multiple crystals selected 

Ligand clearly visible in fo-fc maps and was easily built into density – publication pending



Challenging crystals – ugly or tiny!
From thin irregular plate and needle-like objects, clusters 

of crystals, to tiny crystals, VMXi can deliver structures.

PHCP

TTCP NCOA7

NCOA7

H. Mikolajek, J. Sanchez-Weatherby, et al. (2023). Protein-to-

structure pipeline for ambient-temperature in situ 

crystallography at VMXi. IUCr 10: 420-429

100 µm



Challenging crystals – stuck to plate!



First membrane protein structure

20 x 45 µm crystals

6 x 20° oscillation (<2.2 secs exposure) - 2Å structure 

Ground state structure of Archaerhodopsin-3 – from MPL group at DLS

Collected data in MiteGen In Situ-1  tray and film sandwich on VMXi



Serial data collection

~3 mins / grid <30 mins total time

Thompson, A. J., Sanchez-Weatherby, J., et al. 

(2024). Efficient in situ screening of and data 

collection from microcrystals in crystallization 

plates.  Acta Cryst. D80: 279-288



Multiplex

Gildea, R. J., Beilsten-Edmands, et al. (2022). xia2.multiplex: a multi-crystal data-analysis pipeline Acta Cryst. D78, 752-769

Processes datasets seamlessly and quickly to deliver improved completeness and resolution

Auto-processing Pipeline

Diffraction 

Images

DIALS 

Pipelines

Integrated 

dataset

xia2.multiplex

Merged multi-

crystal .mtz 

After consistent symmetry determination using 

dials.cosym, there are three types of clustering 

available in xia2.multiplex:

1. Unit Cell Clustering

2. Correlation Clustering (intensity-based)

3. Cosine Angle Clustering (intensity-based)

Correlation Clustering

• Comparison of pairwise correlation coefficients

• Confused by different dataset qualities (random error) 

Cosine Angle Clustering

• Extension of correlation clustering

• Separates systematic and random error

Diederichs, K. (2017). Acta. Cryst., D73, 286-293.

Gildea, R. J., Winter, G. (2018). Acta. Cryst., D74, 405-410.

Can be used on <10 to 1000s of datasets

Find new features in your data



Sample groups
Taking xia2.multiplex to the next level

Analysis of different chemical conditions, dehydration experiments, fragment/ligand-binding



Clustering –Test Case
Human insulin, porcine insulin and bovine insulin differ subtly in their amino acid sequences and readily grow 

high-quality, cubic, isomorphous crystals 



Clustering –Test Case

Correlation Clustering

•  All three species are distinguishable at room temperature with new 

algorithms!

• People and pigs mix in the dendrogram before cows – consequence of 

terminal residue position being less well defined at room temperature

Clustering in this manner not particularly 

easy to separate – try other options 



Clustering –Test Case

4D Cosine Angle 

Clustering

After 4-dimensions, 

residual drops into 

the level of the 

noise

Multiple clusters due to different samples and poor data quality



Clustering –Test Case

4D clustering has well-separated cows, pigs and people clusters, and an outlier group of datasets are identified

OPTICS is a density-based algorithm that automatically defines clusters with spatial relations (which we have calculated using 

cosine-angle clustering!) 

• Requires no global density parameter (can detect clusters of varying density)

• Does not assume any specific number of clusters

• Can detect noise (does not require every dataset to be a part of a cluster) Peaks between clusters 

are used to easily 

separate samples

Processed data files for 

each cluster are 

automatically 

outputted for users



Summary

Collection of fully-automated room 

temperature data in situ works and delivers 

excellent quality data

The VMXi beamline can help with many 

aspects of the crystallisation experiment from 

initial hits to more advanced studies

Improvements in data processing are enabling 

new science
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