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• MAX IV Laboratory
• Introduction to crystal-based fragment screening
• FragMAX components and design: 

• Crystal preparation workflow
• Data collection at BioMAX
• Large-scale data processing (including FragMAXapp demo)

• Prerequisites & crystal checklist
• Access modes for academia and industry
• Current & future developments
• Q&A

Use ZOOM Chat for ques1ons or get in touch: tobias.krojer@maxiv.lu.se

Outline

Download presentation from https://indico.maxiv.lu.se/e/FragMAX_webinar 
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MAX IV Laboratory

The first 4th genera1on synchrotron in opera1on

BioMAX
Ana Gonzales

MicroMAX (2022)
Thomas Ursby



BioMAX beamline
https://www.maxiv.lu.se/accelerators-beamlines/beamlines/biomax

Ursby et al. (2020). BioMAX – the first macromolecular crystallography 
beamline at MAX IV Laboratory. J Synchrotron Rad 27.

MD3 goniometer
with mini-kappa

Beam:
• 5 - 25 keV
• 20 x 5 μm² (focused)
• 50 x 50 μm² (defocused)
• flux: 7*1012 ph/s

Eiger 16M detector

Default exposure time: 
11ms per 0.1 degree
à 360 degree in < 40 seconds



Ursby et al. (2020). BioMAX – the first macromolecular crystallography 
beamline at MAX IV Laboratory. J Synchrotron Rad 27.

Data collec8on @ BioMAX

> 20 datasets per hour

Remote operation MXCuBE3 user interface

h"ps://www.maxiv.lu.se/accelerators-beamlines/beamlines/biomax/user-access/remote-experiments-at-biomax/

ISARA sample changer: 
• 464 crystals
• 20s exchange Fme
• double-gripper

Shilova, A. et al. (2020). Current status and future opportunities for serial 
crystallography at MAX IV Laboratory. J Synchrotron Rad 27, 1095–1102.

Serial crystallography



Introduc7on to crystal-based fragment screening
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Number of drug-like molecules is enormous

Bohacek, R. S. et al. (1996). The art and prac9ce of structure-based drug design: 
A molecular modeling perspec9ve. Medicinal Research Reviews 16, 3–50

1063 potential molecules… (???)



Fragment libraries cover vast regions of chemical space

108 fragments
(MW of 280 Da)≡ 1018 compounds

(MW of 440 Da)≡1000 fragments
(MW of 190 Da)

“Equivalence” of chemical space:

Keserű, G. M. et al. Design Principles for Fragment Libraries: Maximizing the Value of Learnings from Pharma 
Fragment-Based Drug Discovery (FBDD) Programs for Use in Academia. J Med Chem 59, 8189–8206 (2016).

Fragment screening
• Guaranteed binding – but weak
• Potency through chemical elabora7on

HTS screening
• Searching for potent molecules
• Complex molecules à Low probability

Millions
of complex molecules

1000s
of small molecules



Sco" et al., Biochemistry 2012, 51, 4990−5003

Principle of fragment-based lead development
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Sco" et al., Biochemistry 2012, 51, 4990−5003

Principle of fragment-based lead development
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FBLD is not a panacea, but 

reduced screening logis1cs

And low molecular complexity of fragments  

are major advantages!



• Limited sensi1vity of most biochemical/ biophysical methods
• MX: high compound concentra1on (> 100mM); very sensi1ve!
• FBLD relies on structural informa1on
• Protein Crystallography has seen huge improvements over the last decade
• Long history of how to share large-scale infrastructure
à Emergence of several crystallographic screening centers in Europe

Detector Robot Beam So[ware

30µm

100 nL protein : 100 nL reservoir
à 1μg protein

Protein Crystallography as a primary screen!!!



FragMAX - en plaAorm för high throughput 
screening av fragment i läkemedelsutveckling

genom röntgenkristallografi

Uwe Müller
Gustavo Lima

Wolfgang Knecht Derek Logan Tove Sjögren

SWEDISH RESEARCH COUNCIL



FragMAX components and design



Crystal prepara>on

Data Collec>on

Data Analysis

facility for crystal-based fragment screening

BioMAX

hdps://www.maxiv.lu.se/fragmax

Lima et al. (2020). FragMAX: the fragment-screening platform at the 
MAX IV Laboratory. Acta Cryst D 76, 771–777.

Lima et al. (2021). FragMAXapp: crystallographic fragment-screening 
data-analysis and project-management system. Acta Cryst D 77, 799-808.



Crystal SHIFTER

Crystal prepara8on @ LP3

Compound plate Crystal plate

• FragMAXlib (172)
• F2X entry (96)
• EU-OPENSCREEN (1000)
• MiniFrags (80)
• + bring your own*

> 1000 fragments available

robot-assisted crystal
soaking & mounXng

project management
& database infrastructure

pins & pucks

Compounds, equipment & consumables are free of charge!



Vladimir Talibov

New Fragment library @ FragMAXlib

Molecular weight (Da)

172 compounds

📦
Shipment possible!



Fragment Libraries

FragMAXlib
• 170 compounds
• DMSO, EG, powder

F2X entry
• 96 compounds

Frag Xtal Screen
• 96 compounds

EU-OPENSCREEN fragment library
• ca. 1000 compounds + 80 MiniFrags
• In DMSO

hdps://www.maxiv.lu.se/fragmax/fragmaxlib

Wollenhaupt, J. et al. F2X-Universal and F2X-Entry: Structurally Diverse Compound 
Libraries for Crystallographic Fragment Screening. Structure 28, 694-706.e5 (2020).

Huschmann, F. U. et al. Structures of endothiapepsin–fragment complexes from crystallographic fragment 
screening using a novel, diverse and affordable 96-compound fragment library. Acta Cryst F 72, 346–355 (2016).



Data processing & analysis @ FragMAXapp

Lima, G. M. A. et al. FragMAXapp: crystallographic fragment-screening 
data-analysis and project-management system. Acta Cryst D 77, (2021).

https://fragmax.maxiv.lu.se



Prerequisites & crystal checklist



Prerequisites

• Most projects fail or get delayed at the crystalliza1on stage!

• reliable and reproducible crystallizaMon is a must

• Crystal preparaMon at LP3 is opMmized for 96-well SWISSCI siSng drop plates

• default FragMAX protocols are based on crystal soaking, i.e. “site of interest” 

must to be accessible (‘soakable’)

• robust crystals

• ‘big’(ish), 3-dimensional crystals

• Crystals should reliably diffract < 2Å

• Crystal soaking & mounMng at FragMAX is done at room temperature

• Crystals need to be tolerant to DMSO (or Ethylene glycol)



Considera8ons

Ø Understand your crystal system before you start your experiment

Ø Understand your structure

Ø Assumption: all crystals are isomorphous

Ø Multiple crystal forms

Ø Build the best possible reference model

Ø Screening campaign involves screening of approx. 250 compounds



Facility usage models
#3 Crystal prep (User – LP3), Data collecGon (User)
Users come on site to prepare crystals at LP3 for subsequent (remote) data collecMon

Post-Covid and not before 2022!

#1 Crystal prep (FragMAX team), Data collec>on (User - remote)
Users send ready-to-crystallize protein (40ul aliquots)

+ crystallizaMon reagents (soluMons, seeds etc.)

+ crystallizaMon protocol

#2 Crystal prep (User – home lab), Data collec>on (User - remote)

FragMAX team sends FragMAXlib, User prepares crystals and sends back to MAX IV



Principle of crystal-based fragment screening

Co-crystallization
Protein Fragment

Fragment Soaking

+ easy to automate
- Low fragment concentraXon
- many false negaXves

- Requires complex liquid handling
+ very high fragment concentraXon



Standard soaking procedure at FragMAX

e.g.

100 nL fragment solution (in DMSO)

+ 900 nL crystallization solution 

ca. 1 µL 

à Incubate sor several hours or overnight before mounXng

à ’dip soaks’ are possible if necessary

Drop volume:
100 – 500 nL



Solvent characteriza8on at home lab

1. Establish baseline diffracMon limit under opMmal circumstances

2. Test diffracMon of at least 3 crystals at each concentraMon:

- 5% EG/ DMSO

- 10% EG/ DMSO

- 15% EG/ DMSO

- 20% EG/ DMSO

- 25% EG/ DMSO

- 30% EG/ DMSO

Perform solvent characterization before screening campaign!



Crystal preparation @ LP3

4°C & 20°C

Drop volume:
100 – 500 nL

1. Protein crystalliza>on



Crystal preparation @ LP3
2. Crystal selec>on

Crystal plate



Crystal preparation @ LP3
3. Compound plate preparation

Compound plate

Compound source place

Crystalliza9on solu9on



compound plate crystal plate

4. Crystal soaking

CRYSTAL SHIFTER

Crystal preparation @ LP3



5. Crystal moun>ng

Crystal prepara8on @ LP3



Crystal prepara8on @ home

MAX IVHome lab

FragMAXlib



Current workflow
Location Status

Crystal Preparation
   Crystallization LP3/ home lab available
   Soaking LP3/ home lab available
   Mounting LP3/ home lab available
Data Collection
   manual BioMAX available
   automatic BioMAX not available
Data Analysis
   Data Reduction FragMAXapp available
   Iniital Refinement FragMAXapp available
   Componund restraints FragMAXapp available
   PanDDA available
      analyse FragMAXapp available
      inspect MAX IV thinlink client/ home lab available
   Refinement Home lab in progress
   PDB deposition FragMAXapp planned



Current status

• Several internal screening campaigns

• 1st Proprietary screening campaign May 2020

• 1st Long-term proposal screening campaign November 2020

• MAX IV summer shutdown: July 10th – September 12th



Access modes for academia and industry



Access modes

📧 GET IN TOUCH ☎

Academic users: 

Industrial users: 
Industrial RelaXons Team

+46 725 546 309

magnus.larsson@maxiv.se

FragMAX Team

+46 46 2226779

tobias.krojer@maxiv.lu.se



O
N

E 
EX

PE
R

IM
EN

T

Access modes
TWO MAIN ROUTES

PEER REVIEWED 
FREE ACCESS

PROPRIETARY
PAID FOR 
ACCESS

1. PEER REVIEWED 
ACCESS

§ Open calls twice per 
year

§ Apply for beamtime
§ Proposals ranked on 

scientific merit
§ Beamtime and lab

usage for free

NEED TO PUBLISH

2. PROPRIETARY 
ACCESS

§ Short term – fast 
access

§ Long term – frame-
work agreement

§ Confidentiality
§ Fees for beamtime

and services

RESULTS BELONG 
TO BUYER

Access modes



Access modes
hOps://www.maxiv.lu.se/fragmax/fragmax-user-informaTon

hOps://www.maxiv.lu.se/users/proposal-calls/longterm-calls-and-programs



Rapid access
hOps://www.maxiv.lu.se/users/proposal-calls/fast-access

tbc…



Access modes
https://inext-discovery.eu/network/inext-d/home

https://inext-discovery.eu/submit-proposal/step1



Industrial Rela.ons Office

Magnus Larsson
magnus.larsson@maxiv.se

+46-(0)725-546309

Selma Maric
selma.maric@maxiv.se

+46-(0)722-263986

Karolin Lundberg
karolin.lundberg@maxiv.se
+46-(0)701-296118

Magnus Fredriksson
magnus.fredriksson@alfalaval.com
+46-(0)703-745762

Elin Folkesson
elin.folkesson@maxiv.lu.se
+46-(0)738-666477





Current Developments



Crystal prepara>on

Data Collec>on

Data Analysis

NEW: DB implementation & meta-data capture

BioMAX

Group Deposi>on System



Refinement & Deposi7on support

Data reducFon

IniFal refinement

Ligand restraints

pandda.analyse

pandda.inspect

MAX IV IT infrastructure Home lab

giant.quick_refine

supported

maintained

unsupported

SFTP Refinement
(CCP4, Phenix, GPL)

pandda.inspectSFTP

giant.quick_refine

PDB deposiFon
SFTP



Data reducFon

Initial refinement

Ligand restraints

pandda.analyse

pandda.inspect

MAX IV IT infrastructure Home lab

giant.quick_refine

supported

maintained

unsupported

SFTP Refinement
(CCP4, Phenix, GPL)

pandda.inspectSFTP

giant.quick_refine

PDB deposiFon
SFTP

Refinement & Deposition support



Data reducFon

IniFal refinement

Ligand restraints

pandda.analyse

pandda.inspect

MAX IV IT infrastructure Home lab

giant.quick_refine

supported

maintained

unsupported

SFTP Refinement
(CCP4, Phenix, GPL)

pandda
model & refine

SFTP

PDB deposition
SFTP

Refinement & Deposi7on support



Furthermore…

• Enhanced automa>on during crystal prepara>on

• Automated data collec>on…  

• (Simplified fragment elabora>on)



Summary

• FragMAX is open for business!

• AlternaGve workflows?

• FragMAX beyond FBLD? 

• New ideas? 

• Get in touch if you are interested!
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Contact: 
tobias.krojer@maxiv.lu.se


