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Small Organic Molecules ςExamples

Å Routine structure determination

Å Reliable structure models

Å Need more attention to structural details

Å ADPs

Å Data completeness

Å Hydrogens

Å Typical turn around: 1-2 days

Clabbersand Xu, Drug Discovery Today: Technology 2020



Small Organic Molecules ςExamples

Yang et. al., Symmetry 2021

ÅSample source: Sugar cube for coffee and tea

ÅData collection parameters:

ÅRotation speed: 1.13 °/s

ÅExposure: 0.3 s/frame

ÅTotal range: ~ 60° per dataset (190 frames)

ÅElectron dose rate: 0.08 e-/Å2/s

ÅTotal electron dose: ~ 5 e-/Å2

ÅData collected at both room temperature and 100K

ÅIn average, 15 datasets per 4 hour session

Refinement

Sucrose Sucrose Single Dataset Sucrose @ 100K

a 10.86 10.86 10.91

b 8.71 8.71 8.78

c 7.76 7.76 7.85

ʲ ώ]̄ 102.9 102.9 103.4

Resolution [Å] 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

R1 Fo> 4s(Fo) 0.1438 0.2890 0.2097

R1 all 0.1666 0.3183 0.2197

Rint 0.5544 0.0640 0.5205

GooF 1.017 0.974 1.203

wR2 0.3965 0.6649 0.4530



Small Organic Molecules ςExamples

Yang et. al., Symmetry 2021

Sucrose Data Collection at Room Temperature
4 x playback speed

Sucrose Data Collection at 100 K
4 x playback speed



Small Organic Molecules ςExamples

Yang et. al., Symmetry 2021

H4ABTC H4ABTC @ 100K

Data Processing

Number of crystals 5 9

a 13.47 13.52

b 14.63 14.63

c 14.65 14.70

ʰ ώ]̄ 98.55 99.40

ʲ ώ]̄ 105.90 106.06

ʴ ώ]̄ 112.92 113.99

Resolution [Å] 0.80 0.90

I/s 4.77 (1.99) 2.63 (1.35)

CC1/2 [%] 97.1* (88.4*) 90.8* (73.0*)

Redundancy 4.89 7.08

Rmeas 0.209 (0.595) 0.395 (0.648)

No. of reflections 48822 48984

No. of unique reflections 8936 12999

Space group P-1 P-1

Completeness 0.897 (0.814) 0.935 (0.752)

Refinement

Resolution [Å] 0.83 0.90

No. of total refined data 8143 6740

No. of parameters 767 704

No. of restraints 0 0

R1 Fo> 4s(Fo) 0.1842 0.2199

R1 all 0.2102 0.2648

Rint 0.1843 0.3353

GooF 1.144 1.862

wR2 0.4531 0.4773

78 unique atoms

Ave. bond Lengths:

C-C: 1.52(2) Å

C-Cin benzene: 1.43(2) Å

C-O: 1.31(3) Å

C=O: 1.27(3) Å

C-N: 1.45(2) Å

N=N: 1.27(2) Å



IndomethacinÅ -ɻIndomethacin

Å Misunderstood for 47 years
Molly Lightowler

Sun Yat-senUniversity, China

Associate Prof. Ming Lu
Ms. ShutingLi

M. Lightowler et al. AngewandteChemie2021

New Phase:
-̒Indomethacin

b-axis: 58.98 Å
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Solution- -ɻIndomethacin
Independently solved in Mauro DŜƳƳƛΩǎgroup 

Indomethacin and Other Examples



Broadhurstet al. IUCrJ2019

Å The time of incubation is varied, Time resolution: second
Å stability order ̡ < h < ɹ
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University of Edinburgh, UK Mr. Edward Broadhurst, Prof. Simon Parsons, Dr. Fabio Nudelman

On-grid Crystallizaton ςGlycine
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Relative Stability: CBZDH, III > I > V > IV > II 

form III form IV form II 

Manuscript Submitted

University of Edinburgh, UK

Mr. Edward Broadhurst
Prof. Simon Parsons
Dr. Fabio Nudelman

20 s, plunge frozen
20 s, Room Temperature
Crystallization time ~ 1-2 min  

30 s, plunge frozen

carbamazepine dihydrate

180 seconds

Carbamazepine dihydrate:
A dibenzazepinethat acts as a sodium channel blocker

On-grid Crystallizaton ςCarbamazepine



Macromolecules
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Macromolecules ςScreening

Automated screening (based on imaging)

Jiaoyan Xu
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Macromolecules ςSpecimen Preparation

Clabbers and Xu, ActaD 2020

cryo-EM specimen 
preparation

Data collection
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Macromolecules ςPreassis

44% PEG 400, Viscous Mother Liquor Zhao et al. Nat. Commun. 2021

JingjingZhao
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Jingjing Zhao

Zhao et al. Nat. Commun. 2021

Macromolecules ςPreassis
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Xuet al. Science Advances 2019

Electrostatic scattering potential maps 2Fo-Fc (1.0̀ ) 

Å SulfolobusacidocaldariusR2-like ligand-binding oxidase
Å Phased from a homologue of 35% sequence identity
Å First unknown protein structure solved by 3D microcrystal ED

Resolution range 29.00-3.00(3.08-3.00)

Space group P21212

a, b, c (Å)
,h ̡ , ɹ (°)

63.31, 108.93, 48.17
90.00, 90.00, 90.00

Multiplicity 32.4 (8.5)
Completeness (%) 62.8 (52.9)
Mean I/̀ I 6.12 (0.75)
Rmeas 0.561 (3.995)
CC1/2 0.981 (0.597)

Reflections used in refinement 4423 (343)

Reflections used for Rfree * 233 (15)
Rwork 0.3179 (0.4299)
Rfree * 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 B-factor 48.37

Max Clabbers

Hugo Lebrette

Macromolecules ςSaR2lox
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Macromolecules ςMyD88
TLR signaling

Crystal Growth

Max Clabbers

Clabbers et al. Nat. Commun. 2021
Structure Comparisons

X-ray: 
Monomer

MicroED: 
Dimer
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Molecular 
Replacement

Image Courtesy: Ronan Keegan 

Image Courtesy: Ronan Keegan 

Alphafold2 Predictions

99%
30%

Macromolecules ςMyD88
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needle-like plate-like fragmented diamond-like

100 µm 

5 µm 

Stacked plates

Courtesy:
Mathieu Coinçon

Clabbers and Xu, ActaD 2020

Macromolecules ςProtein Crystal Gallery


