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• 10 laboratories with >100 staff

• 9 advanced research platforms

• Educational chair of Biophysics: 20 students/year

• 2 master programs
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Membrane proteins
…

are major functional 
elements of cells
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Unexplored therapeutic opportunities in the human genome, (2018)  Nat. Rev. Drug Discov. 

$3.5 tril. 2011-2015
according IQVIA

$4.2 bln. 2011-2015 гг.
according NIH
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- targeted to membrane proteins



GPCR signalling: diversity of ligands
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Blue frames shows steps that makes drug development cheaper and faster by 30-50%

Drug discovery pipeline

• 10-15 years
• >$2 bln. 

Mishin et al. (2019) Expert Opinion on Drug Discovery



Structure Determination Pipeline

Protein crystals of GPCR related to inflammation Studies at X-ray free electron laser Structure of GPCR
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Classical X-ray cryocrystallography



Small-wedge crystallography



~N ~N2

Ultrabright and ultrashort pulses of 
coherent X-rays

X-ray Free Electron Laser (XFEL)



Center for Molecular Mechanisms of Aging MIPT

Serial Femtosecond Crystallography: 
Diffraction before destruction



Benefits of serial femtosecond crystallography at 
XFELs

• The ability to work with challenging targets that have low 
expression and are difficult to crystallize.

• Small crystal size often translates into faster crystal 
optimization, lower mosaicity, and better diffraction quality, 
and can facilitate ligand soaking and exchange 

• SFX obviates laborious crystal harvesting and necessity for 
cryo-protection, lending itself suitable for automation

• Room temperature: better water molecules distribution



Center for Molecular Mechanisms of Aging MIPT

Hard XFELs around the globe



Experiments at PAL-XFEL

Lasing
Wavelength range 2-20.4 keV (6.2-1.0 A) 
Pulse length 45-60 fs
Repetition rate 1-60 Hz (30 Hz detector limited during beamtime) 
Flux 3e11 at 9.7 keV (during beamtime) 
Spot size H:V 2x3 mm (FWHM), KB mirrors 
Detector MX225-HS (Rayonix) 
Readout rate & binning 40 frames/second, 1440x1440; 75 frames/second, 960x960
Geometry Single panel 
Sample environment LCP-jet/GDVN: He environment; Fixed target: vacuum 
Processing 32 cores during beamtime, cluster after beamtime 



40 L

Precipitant

LCP
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Sample preparation for LCP-SFX

40 nL

lipid protein

LCP

Liu et al. 2014. Nat Protoc 9, 2123
Ishchenko et al. 2016. J Vis Exp 115, e54463



• LCP as crystallization and crystal delivery medium
• Very small crystals (<10 μm)
• Room temperature structures 
• No radiation damage
• No crystal harvesting
• Low protein consumption (<0.3 mg)

Crystal delivery: Lipidic cubic phase 
injection



Center for Molecular Mechanisms of Aging MIPT

Large amount of data:
• LCLS – 2 TB/hour
• euXFEL – 400 TB/hour
Modular detector geometry
Partial reflections
Variations in
• crystal size, 
• mosaicity, 
• quality, 
• pulse intensity,
• spectrum, etc.
Indexing ambiguity

SFX Data Processing



Cysteinyl leukotriene GPCR
– essential targets for asthma treatment

CysLT1R and CysLT2R are G Protein Coupled receptors (GPCRs)
activated by cysteinyl leukotrienes. They are key inflammatory
mediators in the human body and stimulate bronchial muscle
constriction as well as immune cells migration, mucus secretion and
edema formation, thus playing an important role in various
inflammation-related disorders, such as asthma, allergic rhinitis and
urticaria. Additionally through the immune response mediation CysLT1-
2Rs are involved in cardiovascular and neurodegenerative diseases and
several types of cancer. In Russia up to 5—7 % 

of people suffer from asthma

10% of children 
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CysLT1R antagonists:
Anti-asthma oral treatment

About 30% of patients do not 
respond to the therapy

Cysteinyl Leukotriene Receptors 1 and 2
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CysLT1R antagonists:
Anti-asthma oral treatment

Cysteinyl Leukotriene Receptors 1 and 2
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CysLT1R antagonists:
Anti-asthma oral treatment

More efficient anti-asthma 
drugs?

Cysteinyl Leukotriene Receptors 1 and 2
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Structural studies of cysteinyl leukotriene 
receptors as drug targets

Obtained 
structures for 

rational design 
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Overview of the ligand-binding pocket with the docked ligands for CysLT1R 
(beige) and CysLT2R (light blue). Inserts show docking poses and details of 

ligand interactions with CysLT1R and CysLT2R.

CysLT1R-pranlukast vs CysLT2R 
structures 

We identified the binding poses for ligands

in both receptors and found out 

what are their structural properties, 

which may be responsible for binding specificity.

With this information we can find the dual ligand 

for both receptors. 
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(a) Optimized ligand pockets for CysLT1R 
(b) Flowchart of screening and ligand optimized pocket of CysLT1R and CysLT2R. 

Structure-based drug design: Virtual ligand screening
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About 3% of all uveal 
melanomas -> several 

hundreds new cases each 
year

No specific 
therapheutic 

treatment available 

L129Q SNP: oncogenic mutation in CysLT2R Leading to 
Uveal Melanona.
An aggressive orphan cancer
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L129Q – oncogenic mutation in CysLT2R 
Leading to Uveal Melanona: constitutive activity
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The project started in order to get new-
generation anti-asthmatic drugs but we got 
also 
Inverse agonists for oncogenic L129Q 
CysLT2R as a hit compound Supported by:
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Current Project strategy

Off-target activity testing (reverse agonists)

Design of stabilized L129Q mutant of CysLT2 for crystallization in “constitutively active” conformation.

Co-crystallization CysLT2-L129Q with available high-affinity ligand for future VLS round
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Future drug development

Alexey Mishin, Anastasiia Gusach, Aleksandra Luginina, Egor Marin, Valentin Borshchevskiy & Vadim Cherezov (2019): 
An outlook on using serial femtosecond crystallography in drug discovery, 
Expert Opinion on Drug Discovery

33



Acknowledgements  

•Prof. Vadim Cherezov 
•Dr. Valentin Borshchevskiy
•Prof. Valentin Gordeliy
•Dr. Aleksandra Luginina
•Dr. Anastasiia Gusach
•Elizaveta Lyapina
•Egor Marin
•Nadezda Safronova
•Dr. Polina Khorn
•Dr. Mikhail Shevtsov
•Dr. Petr Popov
•Dr. Philipp Orekhov
•Dr. Andrei Gerasimov
•Daria Dmitrieva
•Tatiana Kotova
•Daniil Vakhrameev
•Margarita Kovaleva
• Ivan Okhrimenko
•Dr. Ivan Gushchin

Dr. Aleksander Popov
Sergei Bukhdrucker

Dr. Gleb Bourenkov
Dr. Kirill Kovalev

Prof. Philipp Sarret
Dr. Rebecca Brouillette

Dr. Sehan Park 
Dr. Gisu Park  

Dr. Hyo Jung Hyun
Dr.Sang Jae Lee  
Dr.Jaehyun Park

Prof. Vsevolod Katritch
Dr. Gye Won Han

Dr. Benjamin Stauch

Prof. Wei Liu
Prof. Uwe Weierstall

Hao Hu

Dr. Alexander Batyuk

34



Contacts

• mishinalexej@gmail.com

• cmm-mipt.ru

35


