
HAPPY NEW YEAR FROM OUR STRUCTURAL BIOLOGY TEAM! 
 
2021 proved to be a big year for structural biology, and Calibre Scientific is delighted to be part of such an 
innovative field. Below, we provide a brief overview of field developments in structural biology this year, 
with a focus on impactful papers that used Calibre Scientific products. 
 

THE PANDEMIC 
The COVID-19 war 
Structural biologists were among the first responders to the COVID-19 pandemic. This year saw an 
explosion of papers reporting structural and functional details of the viral spike protein and its interactions 
with cellular receptor ACE2, as well as other proteins involved in SARS-CoV-2 infection.  
Cryo-EM structures of SARS-CoV-2 ORF3a, an ion channel conserved in coronaviruses and a potential new 
drug target, got wide attention in the summer1. The structures reveal a new fold conserved in 
coronaviruses, and functional experiments show ion channel activity that may be important for viral 
infectivity. By integrating X-ray crystallography, cryo-electron microscopy (cryo-EM), and binding assays, 
it became possible to define a SARS-CoV-2 N-terminal domain antigenic map and identify potent, 
neutralizing mAbs.2 
A lot of work was done seeking potential viral inhibitors, including computational screenings of alkaloid 
compounds interfering with viral RNA replication3 and structural analysis of inhibition of the viral protease 
Mpro/3CLpro4. Another study employs structural, biochemical, and virus replication studies to identify 
several inhibitors of the SARS-CoV-2 papain-like protease5. Research towards identification of infectious 
new variants also benefited from structural biology approach: cryo-EM structures of the full-length spike 
(S) trimers of the B.1.1.7 and B.1.351 variants helped scientists gain deeper understanding of their 
biochemical and antigen-binding properties 6. Calibre Scientific products DDM, IGEPALCA-630, MCSG 
crystallization suite, PACT Premier screen, Morpheus screen, and ProPlex kit were used in these works. 

 
Fig.1 Cryo-EM map at 6.5-Å nominal resolution of tetrameric SARS-CoV-2 ORF3a 1 
 

THE LONG-TERM GAME 
Year-over-year we see our products frequently used in the field of membrane proteins. Recent advances 
in cryo-EM are opening up a vast quantity of membrane receptors for study, which were previously 
inaccessible by other methods. Products such as surfactants (DDM, LMNG, GDN, Amphipol A8-35, and 
others from Anatrace) now accompany crystallization screens (MemMeso, MemGold, and more from 
Molecular Dimensions) in structural biology lab toolkits. 



 
Pain and pain receptors 
Pain treatment is a major bottleneck in modern healthcare. Opioids are frequently prescribed for 
treatment of moderate to severe pain, which leads to high abuse, addiction, and overdose potential that 
has made opioid overdose one of the major causes of death in the US7. The search for new analgesics is 
an ongoing challenge, especially structural work on pain-related GPCR receptors. Structural data for 
opioid-binding receptors8, as well as non-opioid analgesic agents9 10, are needed to accelerate drug 
discovery.  

 
Fig.2 Surface representation of substrate-free Drosophila dopamine transporter subsite B. Inset shows the residues 
lining the primary binding pocket with water molecules, indicated as red spheres.8 
 
 
Ion channels control many key processes inside and outside the nervous system. Some are notoriously 
hard to crystallize and only became accessible to scientists with the development of cryo-EM. 
Consequently, this year has been particularly fruitful for ion channel structural work.  
Voltage-gated sodium channels are targets for many analgesic and antiepileptic drugs, and their 
interactions with different drugs and drug metabolites is of great interest, such as their interaction with 
the breast cancer drug tamoxifen11. Tamoxifen was originally developed as an estrogen receptor 
modulator: a detailed study of its distinctive mechanism of inactivation of sodium channels may open the 
way for new drugs to fight diseases like epilepsy and chronic pain.  
Ion channels are responsible for essential functions like that of the heart. For example, the HCN channel 
family is responsible for the hyperpolarization-activated cation current that controls automaticity in 
cardiac and neuronal pacemaker cells12. The authors solved the structure of HCN4 and performed 
molecular docking studies of ivabradine, an agent able to slow heart rate, thus paving the way for further 
pharmacological approaches to heart-rate regulation. Another voltage-gated sodium channel, NaV1.5 
triggers the cardiac action potential; the paper presents an interesting “structural map of arrythmia 
mutations” for this channel13.  



 
Fig.3. Tamoxifen (green) binding to a prokaryotic sodium channel NavMs 11 
 
Bacterial resistance and the rise of “superbugs” remains a major concern. New antibacterial agents are 
urgently needed to win the race against resistance-developing bacteria. Structural biology has been used 
to develop new candidates for rational drug design while the traditional process of antibiotic and 
antimicrobial drug discovery has slowed down significantly.  
The MmpL3 lipid transporter helps construct the unique cell envelope that shields Mycobacterium 
tuberculosis (Mtb) from the immune system: it is believed to confer resistance to many preclinical leads14. 
The study of this transporter identified and mapped >100 unique resistance-conferring mutations, 
providing a great starting point for medicinal chemistry research. NorC, a 14-transmembrane major 
facilitator superfamily member, is implicated in fluoroquinolone resistance in drug-resistant 
Staphylococcus aureus strains. NorC was solved in complex with an antibody used to scan for 
fluoroquinolone-resistant S. aureus populations and a potential efflux pump inhibitor for overcoming 
antimicrobial resistance15 . Studies of other modes of bacterial resilience, such as the mycobacterial ESX-
5 type VII secretion system pore16 or the P. aeruginosa OprC protein that allows bacterium to access 
essential copper17, are still needed. New AI platforms for antibiotic discovery can help quickly transform 
newly acquired structural data into drug candidates ready for clinical trials18. 
 

 
Fig.4. Cryo-EM density of Mtb MmpL31-753 as viewed from the membrane plane (left), or perpendicular to it from 
the periplasm (right), stabilized in LMNG micelle. Annotations: the transmembrane domain (TMD), and the N-
terminal (PN) and C-terminal (PC) lobes of the periplasmic domain (PD).14 
 



EMERGING HORIZONS 
Microcrystal electron diffraction (MicroED) 
This new technique allows researchers to take advantage of crystals that were previously discarded as too 
small for collection of high-quality diffraction data. MicroED is an important addition to the existing 
biophysical toolkit, as it allows cryo-EM to include samples ranging from small molecules and membrane 
proteins to large protein complexes using crystals one-billionth the size of those required for X-ray 
crystallography19 20. The advent of this technique may drive re-visitation of crystallization efforts for 
previously un-crystallizable proteins, particularly membrane proteins and complexes. Our new Morpheus 
Fusion crystallization screen promotes crystal packing by enhancing lattice interaction via use of additives, 
and greatly amplifies the sampled chemical space21.  
 

 
Fig.5. MicroED workflow schematic. Note the size of crystals suitable for MicroED. Adapted from 22. 
 
AlphaFold2 and the new structure calculation approaches 
The recent performance of the artificial intelligence program, AlphaFold2, at CASP14 (Critical Assessment 
of Techniques for Protein Structure Prediction, 2020) impressed the structural biology community. 
AlphaFold2 (developed by DeepMind—a UK subsidiary of Alphabet, Google’s parent company) predicts 
protein 3D structure from its amino acid sequence. AlphaFold2 code was presented as open-source 
software freely available to any interested party this summer23. Its global distance test median score (GDT) 
of 92.424 instigated discussions about the role of experimental techniques in structural biology: GDT is a 
metric used to compare the computational predictions with the experimental structural data, and scores 
of >90 are considered close to experimental data. The present consensus is that AlphaFold2 and similar 
software packages will not compete with but reinforce experimental work, and will receive feedback from 
the lab in turn that will enrich its databases, thus training the machine-learning algorithms. The techniques 
were combined in a study of tweety homolog transmembrane proteins25, where the authors successfully 
used AlphaFold2 prediction for the N-terminal part of the protein.  



 
Fig.6. X-ray crystal structure of natural CCR5 chemokine receptor from PDB (magenta) superimposed with 
AlphaFold2 predicted native CCR5 (green) and water-soluble variant CCR5QTY (cyan)26. 
 
Lipodiscs 
This novel membrane solubilization technique uses a polymer surrounding a planar lipid bilayer by an 
amphiphilic belt, thus forming a disc. It allows researchers to completely avoid the use of potentially 
function-altering detergents at all purification steps, and contain the membrane protein or complex in its 
native lipid environment. The technique has seen its first steps, and the molecules have been successfully 
used in membrane protein studies. Two GPCR receptors were reconstituted in DIBMA for functional 
studies: the β2-adrenoceptor (β2AR), a well-established target in asthma27, and the growth hormone 
secretagogue receptor (GHSR), highly expressed in the brain and involved in control of key physiological 
functions including appetite, neuroendocrine axis, autonomic nervous system activity and complex 
cognitive functions28. The first generation of lipodisc-forming polymers, including DIBMA, suffered from 
stability and solvent-compatibility issues. Our second-generation SMAs (styrene maleic anhydride 
polymers) aim to address those shortcomings: they are stable at a wide pH range and tolerate high 
divalent cation concentrations29. 



 
Fig.7. Schematic of reconstitution of the β2-adrenoceptor using lipodiscs and further biophysical experiments.27  
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