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Multi-Crystal Approaches

Number of <
crystals 100s 10s 1
1000s
Number of
images
per crystal 1 10s 100s 1000s
SFX

SSX
SRX

Cryo-rotation
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Why Use Multi-Crystal Strategies ?

In some cases, it is only possible to collect incomplete data from a single crystal due
to radiation damage: obtain a complete dataset by combining data from multiple
crystals

This strategy allows for the use of:
* small crystals

 room-temperature
data collection

diamond



Room Temperature Advantages

* Cryo-cooling may hide biologically significant structural
features

* \Virus crystals often suffer on cryo-cooling

* |n situ data collection

diamond



Merging Multiple Datasets Increases Signal-to-Noise

Given only random errors, the standard error o in a measurementis reduced by
Vn if the measurementis repeated n times

Beware R orge aNd Ry eq!

Use CCy, and (1/0) 1 rgq

Dataset Big Tiny T100 Big+T100 Big2
Multiplicity 2 2 200 202 4
(I/6)ing 2.0 0.2 0.2 0.22 2.0
Rmerge 28% 280% 399% 395% 35%
Rmeas 40% 400% 400% 396% 40%
Roim 28% 280% 28% 28% 20%
(1/6) mrga 2.8 0.28 2.8 4.0 4.0
CC1o 0.66 0.04 0.66 0.80 0.80
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Better CC1/2 at higher resolution

N @ 2 crystals 3 crystals 4 crystals 5 crystals 6 crystals
£ S 1.0 4 - g, - g,
e C
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T v
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o QO 0.0 T 1 T 1 T 1 T 1 T 1
GLJ ._llj 7 crystals 8 crystals 9 crystals 10 crystals 11 crystals
s 1.0 4 - - - -
c S
3 E I — ey
S 0.5 - . - .
n — ©
+ —
M (O
+J E 0.0 T 1 T 1 T 1 T 1 T 1
v wn
| 12 crystals 13 crystals 14 crystals 15 crystals 16 crystals
QD ™ ].O - _ - _ -
c °
o= ° -
oo - 05 - § § § §
C —_— ©
)
E I E 00 T 1 T 1 T 1 T 1 T 1
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o 1.0 4 - - - -
a |
e T e
o o S 0.5 1 - - - -
O oo
o C
% GE) 00 T 1 T 1 T 1 T 1 T 1
- C 0.00 2.24 0.00 2.24 0.00 2.24 0.00 2.24 0.00 2.24 .
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Time-Resolved Crystallography

e Study dynamics of light- or chemical-induced reactions using serial
femtosecond (SFX) or synchrotron (SSX) crystallography

Captured diffraction patterns

When a crystal passes through
_ the X-ray beam a diffraction
Many positions can be visited every [ p ! pattern is recorded
second. Data can be collected from &
all 25,600 positions on a chip in
less than 8 minutes.

‘ diamond
Light for Science
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Challenges

 Symmetry determination
* Non-isomorphism
* Preferential orientation
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Symmetry Determination

* |dentification of consensus symmetry from
narrow wedges or stills can be challenging 100

0.75 A

 Complicated by presence of potential
indexing ambiguity

0.50 A1

0.25 -

* New algorithms have been developed to -
help in symmetry determination from . CC
narrow wedges and stills (dials.cosym) | /

—0.50 A1

—0.75 1

_1.00 T T T T T T T
-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00
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Non-Isomorphism

* Inclusion of non-isomorphous crystals may degrade the final data set
* Unit cell clustering may help identify outliers or different populations

Unit Cell Distribution (793 crystals)

Distribution of unit cell parameters

57

125
.
56 47
—_ . — L axis ¢ axis
SR = 46 < .
. . =]
Unit cell clustering ! |
& 45 b d B 97+07
-
; B 97407
g Bl 97 +07
z
600 - = -
. a (&) b (R) c(R) 96.0 96.6 972 97.8 98.4 96.0 96.6 97.2 97.8 98.4 96.0 96.6 97.2 97.8 98.4
(3]
ot
=
L 400
=
m
i
O 200 ’—l;
| — 1 L v . v i v N v —— v v v .
0 I 1 T ! I 1 89.5 89.8 90.0 90.2 90.5 86.0 88.0 90.0 92.0 94.0 86.0 88.0 90.0 92.0 94.0
% m~ n > o
POrySNOClLID OO p Lo v ’ !
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Non-Isomorphism

aaaaaaaaaaaaaaaaaaa

Clustering on pairwise correlation
coefficients may help identify outliers l

> [1i(h) =T [ (k) -1}
{zh 1(n) T T, [ 50 —ET}W

Tij =

oV oy Al 00 b A B Yy O b @M O Ny H Y
v ” 2 ~ ST AR A R RN
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Preferential Orientation

* Crystal symmetry and morphology combined with data collection
conditions may lead to preferential crystal orientation

* May result in under-sampled regions of reciprocal space
* Check stereographic projection and multiplicity plots

diffraction

98 um 125 pm\// |

50 pm: £k

20 um [X-rays dlamond




Processing Multi-Crystal Data at Diamond

xia2.multiplex— for rotation data xia2.ssx — for still data
| |
Diffraction H
Images
: iy
Diffraction
DIALS
ineli Images Runs
Pipelines : )
: - automaticallyon
I " .
| Inte vrated Run automatically 124 — otherwise
& when collected at need to run
dataset

Diamond . manuallyvia
' v : command line
Merged multi-
xia2.multiplex crystal .mtz
v
Merged multi-
crystal .mtz
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Availability through ISPyB at Diamond

8 o % m0 RO & A12058 e

Sanple: B

Q Start: 20.0°

Q Overiap: 0°

Resoltion: 1.954

Exposure: 0.00185

2] 2022-12-05 20:46:18 - » VMXi-ABS634/well_45/images/image 87286 master.hS
Flx 9.93e411
00sc:0.10°

No. images: 600
Wavelength: 0.7749A

Transmission: 5.00%

Completeness
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Example: SARS-CoV-2 MP ligand screening

Conventional Collection at CT

* SARS-CoV-2 main protease
* Central role in viral replication
* Key antiviral drug target

* Conventional fragment-screening
campaign performed on 104-1

e Over 1250 unique fragments,
identifying 74 high-value fragment
hits

diamond



Example: SARS-CoV-2 MP ligand screening

Multi-Crystal Collection at RT

* Initial fragment screening performed at cryo-
temperatures (100 K)

* Are room temperature structures identical?

* RT in situ data collections on known ligand hits

performed on 124 and VMXi N R
* Preferred orientation (plate-like crystals): vary <% T O - g
starting angle Risi xRN
e xia2.multiplex provided near real time feedback « . ,"',
durlng the experlment 0 50 100 150 200
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Example: SARS-CoV-2 MP° ligand screening

*

Automatic dimple maps

gemmi
blob
score (&)




Example: Using VMXi to screen for serial experiments

You can get decent quality serial data from grid scans on VMXi — example: lysozyme

A - ‘ | D

Statistics for eight | Completeness (%) | Multiplicity Indexed Images
wells merged Observations
together
Overall 100 95.5 20.8 0.063  0.998 8422
Low (55.58 —5.43) 100 147.1 817 0028 0999 488 98&; /1 250/9)06
High (2.03 - 2.00) 100 75.3 1.2 1.092 0.410 411 e
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Example: 124 SSX (Van Thor Group — Imperial College London)

Fluorescent Non-Fluorescent
Cis Anion Trans Neutral

”ﬁﬁ

Q

Above pKgy

<

@é*

©
X
(o}
2
o
©
m

Non-Fluorescent Non-Fluorescent
Cis Neutral Trans Cation

pH 8.4 488 nm - pH 5.5 405 nm

pH 8.4 Dark lllumination pH 5.5 Dark lllumination . & = Imperial COI Iege
London




Furthering Output of Multi-Crystal Collections

Can we do more than just structure
solution with multi-crystal data?
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Clustering of Multi-Crystal Data

When merging many datasets together, there are going to be differences:
especially when collected at room temperature!

Multiplex includes two different intensity-based clustering tools to group datasets:
* Correlation Coefficient

 Cos Angle

Dendrogram Heatmap Dendrogram Heafmap

04

 — |

03 — Correlation Cos Angle

t Fﬁhj_ﬁ% n == L
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Clustering of Multi-Crystal Data

By analysing differences between clusters, can we extract more scientific outcomes
from multi-crystal datasets?

e Structural dynamics?
* Ligand binding dynamics?

Dendrogram Heatmap Dendrogram Heafmap

04

 — |

03 — Correlation Cos Angle

i Fﬁfﬁ n | == [

—
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Correlation Clustering with xia2.multiplex

Clustering based on correlation coefficients can improve data quality for small datasets — but could it identify
distinct states for large datasets?

Dendrogram Heatmap

04

03 : Issues with current method of cluster output!
0.2 | |
o ‘ ‘ li |—‘ Which ones are scaled and merged is based on
0 [ completeness — for cubic crystals, 100% can be achieved
Dendrogram Heatmap with as little as 2 datasets. If you have thousands of
osf datasets, this is thousands of clusters!
04 'Hm ' Computationally expensive and time wasting when you
02 _ may only want to analyse a couple of clusters!
D H‘MNHNHNHWWMHMWWWW]WWWWWWMMWWW

Dendrogram Heatmap

1500 x 20° wedges of insulin on VMXi

OIlHIIIII‘IININIIII‘IIII.‘[I“Il"WIIHHIMM|I|||m“ diamond



Improvements to Multiplex Towards Cluster Analysis

* Inclusion of a cluster picking algorithm to automatically identify clusters that may be of interest

—- -~

~~_ -

Consistent Rfree flags too! diamond



Initial Findings — Insulin

Do notice some subtle, but distinct conformational changes between pairs of clusters, despite all clusters starting from the
same initial model

Main example: flip of a well-defined HIS side-
chain and corresponding water movement

o 10 HISE

From the merging of 500 datasets dlamond



Applications to Ligand Binding?

Hypothetical situation:drop with multiple crystals, all datasets merged together, see a ligand binding. Great right?

But what if:
* Not allcrystals actuallyhad a ligandin them? r | -
* Different crystals had different binding states? S P I O T 1

* Different crystals had different ligand
occupancies?

How much information can multiplexclustering
provide towards answering these questions?
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Initial Test Case - Lysozyme

Regular Lysozyme Drop of NaBr,, on top of each position
/123456789101112\ /123456|789101112\
. . ) o (e | o '
e e i ==
S = (- - (= - N[ ([ [ [ [ [ [ (8 = S

B [ e s e e s o | ( ( ( ( —1 ( ( —
(S ] S S (" |- — | (D | () | | () ) | | 0
e [ ]'[ ][ ]I[ ][ )| G| ¢ ][ ]I[ ]T[ )|
D=l S (- —— O e e e e
A S G S [ (W — c | D D D o D (S D (D (D ) D
( 1[0 )| C )| C ( )| )| )| ( ( ( )l ( )| ( L ( ( ( ( )| (
N —— [ ——— ——"— - — r | D D () (S G () G () () ()
O - | D ) (e (| () o o 1|[ )
G —| )|( il )| )| | )| ( ( | )|C e L C )| ( C )| ( )|( )|C )| ( C )| |
| ' ' D | ) ) ) ) ) ) ) | O
= =========—y Ne———"—=—"——————]
Measured whole plateon VMXi (LYS_Cl) Measured whole plateon VMXi (LYS_Br)
50 ° wedges 50 ° wedges

LYS Cl + LYS_Br through xia2.multiplex
(438 crystals merged together) diamond



Correlation Clustering of Combined Lysozyme

Dendrogram Heatmap

0.8
0.4

0.4

Datasets corresponding to each
cluster indicatesthat they
correspond to the two plates!

Dendrogram Heatmap

0.1

H ﬂrrﬁfﬂm‘mmmm.mm .mm..‘__,.” diamond




Correlation Clustering with xia2.multiplex

Dendrogram Heatmap
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First cluster — only datasets
from NaCl plate

Second cluster — only datasets
from NaBr plate
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