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Soaking

Structure Analysis

Outline

A) Automated, High throughput phase and structure analyses

Micro-crystals of small
organic molecule

Automated Phase Analysis

SerialRED

»

p-glycine ‘,:*
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-
¥, “" a-glycine
T v

T

v
y-glycine *,

X
Automated Structure
Analysis

B) Reliable and Robust 3DED/MicroED Protocol

Micro-crystals of protein

Cryo-EM specimen of
Protein crystals

Continuous Rotation
Electron Diffraction

Protein Structure
Determination

C) Structure Based Drug Design and Fragment Screenin

P201

Drug-Protein Interaction

Fragment Soaking
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On-gird Crystallization

A Polymorphism

A Crystal engineering
A Phase analysis (ESR 11)

FZU Dynamical refinement on organics
Supervisor:P.Brazda

Lei Wang

A Structure determination of drug targets

UBA 3D ED alnitio phasing on proteins
SupervisorJP. Abrahams

eBIC Single particleryo-EM
SupervisorP. Zhang

ThermoFisher State of art otryo-TEM

A Protein-Ligand interaction
AstraZenecaProtein ligand interaction

SupervisorH. Kack
««P
e




Molly Lightowler

Drug Molecules

ChemRxiv021
Submitted

Jingjing Zhao

Alignment with Our Research at SU

W

cryo-EM specimen preparation

Obstacle
avoidance
sensor

B Plunging solenoid

Magnetic tweezer
connector

Dumont LS
tweezers

Piezoelectric
transducer

Positioning
solenoid

Cryogen container
Styrofoam box

ActaD.2019

Jiaoyan Xu

Lau raPacostg

Nat. Commun2021

—

aRxiv2021

Python TEM

I tic
%@

Filtered ED pattern

Viktor Bengtsson

AutoDIALS

~EMV images
* Experiment metadata

LS| « optional flags, names etc.

Tpare

* Set up work directory

= Import images

* Find spots

= RMSD of spots

« Number of spots indexed
* Unit cell in PL

= Bravais settings
» Refinement of unit cell and
etry

experiment geom

8 Eegpant

* XDS_ASCIL.HKL and mtz
= HTML report

Conclusion

AutoDIALS allows indexing and
integrating large amounts of
electron diffraction data.

Future improvements of the
program will be optimisation of
the default processing
parameters and providing
clearer statistics. The goal is to
integrate clustering into the
pipeline.

Dr.Mathieu Coincon

MicroED
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Small Organic MoleculesSample Prep.

Typical Sample

Screening with PXRD

(T AR TR RO TR T T ] ]
10.0 20.0 30.0

Specimen
Preparation

Crush

Specimen Transfer
to TEM grid




Small Organic Molecule€examples

A Routine structure determination

A Reliable structure models

carbamazepine

nicotinic acid
E. Van Genderen et al. Acta. A, 2016

A Need more attention to structural details
A ADPs
A Data completeness
A Hydrogens

A Typical turn around: -2 days

Clabbersand XuDrug Discovery Today: Technol@@20

wwwwwwww

bismuth subgallate

Note: Structure solved with MicroED, refined
against PXRD data

Y. Wang et al. Chem. Comm., 2017

cinchonine

=z

biotin

carbamazepine

progesterone

> - &
* O ‘ )
P [

acetaminophen

C.G. Jones et al. ACS Cent. Sci., 2018

cone

MBBF,

T. Griine et al. Angew. Chem., 2018

IRELOH
M.T.B Clabbers et al. Acta. A., 2019

§. . §
p-glycine ST A

W g
( St i
’ MY
*?" w)‘ a-glycine
e i 4
PV
:S‘ Y
y-glycine K I
%ﬂ .

E.T. Broadhurst et al. /UCrJ, 2020




Small Organic Molecule€examples

A Sample source: Sugar cube for coffee and tea
A Data collection parameters:
A Rotation speed: 1.13s
A Exposure: 0.3 s/frame
A Total range: ~ 6Dper dataset(190 frames)
A Electron dose rate: 0.08/8%/s
A Total electron dose: ~ 582
A Data collected at both room temperature and 100
A In average, 15 datasets per 4 hour session

Yang et. al.Symmetry2021

Sucrose Sucrose Single Datas Sucrose @ 100K

a 10.86 10.86 10.91

8.71 8.71 8.78
C 7.76 7.76 7.85
I Jw 102.9 102.9 103.4
Resolution [A] 0.77 0.77 0.77
No. of total refined data 3203 1778 2093
No. of parameters 242 94 (isotropic) 102 (isotropic)
No. of restraints 5 1 1
R, Fo> 4 (Fo) 0.1438 0.2890 0.2097
R, all 0.1666 0.3183 0.2197
Rt 0.5544 0.0640 0.5205
GooF 1.017 0.974 1.203
WR, 0.3965 0.6649 0.4530




Small Organic Molecule€examples

Sucrose Data Collection Rbom Temperature Sucrose Data Collection HD0 K
4 x playback speed 4 x playbaclspeed

Yang et. al.Symmetry2021




Small Organic MoleculeEExamples

Data Processing
Number of crystals 5 9
a 13.47 13.52
b 14.63 14.63 78 unique atoms
c 14.65 14.70
h Nw 98.55 99.40
P o 105.90 106.06 Ave. bond Lengths:
I w 112.92 113.99
Resolution [A] 0.80 0.90 GC: 1.52(2) A
I/s 4.77 (1.99) 2.63 (1.35) . .
CG/, [%] 97.1* (88.4%) 90.8* (73.0%) CCin benzene: 1'43(2)
Redundancy 4.89 7.08 GO: 1_31(3) A
R eas 0.209 (0.595) 0.395 (0.648)
No. of reflections 48822 48984 C=0:1.27(3) A
No. of unique reflections 8936 12999 GN: 1_45(2) A
Space group P-1 P-1
Completeness 0.897 (0.814) 0.935 (0.752) N=N: 1.27(2) A
Refinement
Resolution [A] 0.83 0.90
No. of total refined data 8143 6740
No. of parameters 767 704
No. of restraints 0 0
o R, Fo> 4s (Fo) 0.1842 0.2199 -
1914 R, all 0.2102 0.2648 &
R 0.1843 0.3353 t“i
GooF 1.144 1.862 ’
Yang et. al.Symmetry2021 WR, 0.4531 04773 (’.




I N d om eth aC| N SunYatsenUniversity,China

A 1-Indomethacin Associate Prof. Ming Lu

A Misunderstood for 47 years Ms. ShutingLi :
Molly Lightowlel

Solution &

New Phase:
“ -Indomethacin
b-axis: 58.98 A

M. Lightowleret al. AngewandteChemie2021
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Indomethacin and Other Examples

Structure determination, thermal stability and

dissoluti £8-ind haci Solutior -Indomethacin i
1ssolution rate ol 0-1ndomethacin Independently solved in Maud $ Y Y draDg

Iryna Andrusenko 2, Victoria Hamilton &, Arianna E. Lanza 2, Charlie L. Hall ®, Enrico Mugnaioli ®, Jason Potticary ©,

Asma Buanz %, Simon Gaisford © Anna M. Piras 9, Ylenia Zambito @ & B, Simon R. Hall 2 8, Mauro Gemmi 2 & B
2594 Microsc. Microanal. 27 (Suppl 1), 2021
doir10.1017/51431927621009223 © Microscopy Society of America 2021

Small Molecule Microcrystal Electron Diffraction (MicroED) for the Pharmaceutical Industry —
Results from Examining Over Fifty Samples

Jessica Bruhn', Giovanna Scapin®, Anchi Cheng', Thejusvi Ganesh', Sargis Dallakyan', Brandon Read’.
Travis Nieusma®, Kyle Lucier’, Megan Mayer’, Nicole Chiang®, Nicole Poweleit®, Philip McGilvray”,
Timothy Wilson®, Michael Mashore®, Camille Hennessy’. Sean Thomson®, Clinton Potter’ and Bridget
Carragher*

Putting MicroED to the Test: An Account of the Evaluation of 30 Di-
verse Pharmaceutical Compounds

-
Jessica E. Burch'*. Austin G. Smith*’, Seb Caille’, Shawn D. Walker*". Ryan Wurz®, Victor J. Cee®’. E‘i
Jose Rodriguez!. D. Gostovic*. Kyle Quasdorf**. Hosea M. Nelson!~*
= e fuasdor W o




Ongrid Crystallizatog Glycine

Liquid
/Ethane
Applying Incubating Blotting Plunge Freezing

A The time of incubation is varied, Time resolution: second &
A stability orderi <h <

Broadhurstet al.lUCr2019 University of Edinburgh, UK Mr. EdwardBroadhurst Prof. Simon Parson®r. FabioNudelman




Ongrid Crystallizatogq Carbamazepine

Carbamazepindihydrate Relative Stability: CBZDH, IIl > | > V >V >l
Adibenzazepinghat acts as a sodium channel blocker -‘

20 s,Room Temperature
20 s,plunge frozen Crystallization time ~ 2 min

form Il form IV form Il

180 seconds

University of Edinburgh, UK ; e MR e ’ <

Mr. EdwardBroadhurst | o O <P
Prof. Simon Parsons . i _ _ : : ( m
Dr. FabioNudelman W .. Manuscript Submitted carbamazepine dihydrate
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Macromoleculeg Screenlng

Negative Stammg L S [T T e
High Throughput Crystallization Facility P TR

~ 25A
5% N, ‘*_
@g%gw |

L ||
&y v nstitute
S u N

Automated screening (based on imaging) S
MWMSW Arnold et. al., Proteomics 2018  Hovmoller et. al., Ultramicroscopy 1992

Powder XRD (on a single crystal X-ray diffractometer) » Concentration

F! ' > Cryo/room temp ZSM-5 in water
" e !. » Cryo-protectant

XRD1 beamline @ ELETTRA
Needle shaped lysozyme

Jiaoyan Xu

Lanza et al. /IUCr/ 2019

15




Macromoleculeg Specimen Preparation

Liquid
/ Ethane

LN,

Plunge freezing

Electron Diffraction
Cryo-FIB Milling Data Collection

Ink-jet dispenser

cryo-EM Specimen Data collection
preparation

-
««P
Clabbers and X#\ctaD 2020 (da

16




Macromoleculeg Preassis

/ f\ Preassis Vitrobot Vitrobot
- - 1:500 dilution 1:500 dilution 1:2 dilution

Plunge freezingl

A |
o

L

Liquid ethane

Liquid nitrogen

Buchner

flask \

Vitrobot

44% PEG 400, Viscous Mother Liquor Zhao et alNat. Commun2021 17




Macromoleculeg Preassis

\

7 T Air flow Plunge freezing
y l bt |
) # g’ \\ ﬂ:j‘{,r’/ J i Liquid ethane
A s AN Liquid nitrogen

I I:{easms setup 4 Coolant
| ) container Buchner

flask

£l "
Jingjing Zhao

bd
(S

_ 2 e s =
Zhao et alNat. Commun2021 o ) (’a
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Macromoleculeg SaR2lox

A SulfolobusacidocaldariugR2like ligandbindingoxidase
A Phased from a homologue of 35% sequence identity

A Frstunknown protein structure solved by 3D microcry<t&)
| ,_\"k {‘w—— —

Electrostatic scattering potential maps 2Hec (1.0)

SR LA

HugoLebrette

Max Clabbers

Resolution range

29.003.00(3.083.00)

Space group

P2,2,2

a, b, c (A) 63.31, 108.93, 48.11

hi,1(9) 90.00, 90.00, 90.0
Multiplicity 32.4 (8.5)
Completeness (%) 62.8 (52.9
Mean I/ | 6.12 (0.75
Roeas 0.561 (3.995
CG,, 0.981 (0.597
Reflections used in refinement 4423 (343
Reflections used fdR,.. * 233 (15)

Ryork 0.3179 (0.4299
Riee * 0.3347 (0.4623
macromolecules 2241
ligands 2
Protein residues 274
RMSD(bonds) ** 0.002
RMSD(angles) ** 0.41
Ramachandran favoured (%) 96.67
Ramachandran allowed (%) 3.33
Ramachandran outliers (%) 0.00
Rotameroutliers (%) 0.82
Clashscore 10.26
Average Hactor 48.37
A

««P

Xuet al. Science Advanc@919
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Macromoleculeg MyD88

TLR signaling 3DED/MicroED

oS

Max Clabbe

Head-to-tail
recruitment

TLR TLR
TIR TIR

Crystal Growth

Clabbers et aNat. Commun2021

MicroED
Dimer

g MyD88™R MicroED structure i MyD88™R X-ray structure 20




Target (7BEQ)
99% 4EO0O7 (chain A)
30% 2JS7 (chain A)

275V (chain A)

Molecular
Replacement

Mé\c\)romOIeCUIes MyD88 Alphafold 2 Predictions

[

Image CourtesyRonan Keegan
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Macromoleculesg ProteinCrystal Gallery

Courtesy:
Mathieu Coincon

100 pm

S um
needlelike plate-like fragmented diamondike Stacked plates
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Clabbers and X#\ctaD 2020 22




