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In common with many universities, academics at the University of Lincoln formed groups to help in 

the struggle against the Covid pandemic. A syndicate drawn from the schools of design, engineering 

and pharmacy developed an effective virus trapping filter that does not compromise on 

permeability. The group acknowledged that for a rapid roll-out of results, concurrent engineering 

involving the whole supply chain from suppliers to producers is necessary, and so worked from the 

beginning in close association with their industrial partners.  

The face covering originated in the school of design with a product to protect children from urban 

particulates. For a face covering to have a significant effect on public health, it must have a high 

degree of take-up by a volunteer clientele, in this case the general public, so it must be comfortable 

and stylish. For the wearer, the ideal face covering should offer low resistance to breathing. For a 

face covering, low permeability is also desirable in that it allows freer passage of breath through the 

covering rather than around the edges. From a simple engineering view this is awkward: passive 

filter mechanisms rely on the physical entanglement of particulates. Particulates – the air born 

viruses must contact a mesh of fibres of sufficiently low porosity to prevent the further passage of 

the particulates through the filter. Clearly, improvements to efficiency by this method will result in a 

decrease in porosity and an increase in resistance to flow. Improvements of this type are likely to be 

of little benefit, if the face covering becomes uncomfortable, and therefore undesirable to wear. 

The group investigated methods to increase filter efficiency without a disagreeable decrease in filter 

permeability. The team identified a commonly used neutraceutical called fucoidan, a sulfated water-

soluble polysaccharide extracted from brown seaweeds such as Ascopbyllum nodosum, Fucus 

vesiculosus, and Saccharina japonica, as glue to stick the viruses to the filter fibres. The potential of 

this material as a virus adherent was proposed by Kwon et al (2020a) and offered a way forward to 

improve filter efficiency without lowering permeability, because the need for physical entanglement 



 

 

with the filter matrix to occur if a virus particle is to be captured is much reduced. This improved 

filter concept uses molecular biology and chemical mimicry to attract and entrap the virus on the 

fibres. The biochemical treated fibre admixtures enhance the propensity for viral binding through 

developing a molecular-level synergy on the polymer substrate which exploits the COVID-19 spike to 

hACE2 receptor interaction. This method was perceived to have the advantage that however the 

virus mutates, it must still stick to a common surface, namely the internal mucosal surfaces of the 

human respiratory tract.   

A route to achieving this entrapment by exploiting the same binding mechanism that the target virus 

uses. For Covid, the method in which the SARS-CoV-2 spike interacts with the target receptor in 

humans, is hACE2.   These structures were available to the team from the Protein Data Bank (PDB). 

For example, an atypical structure which exemplifies the spike protein on the virus and receptor 

configuration is PDB reference code 6LZG, (Wang et al 2020). The binding pocket in the hACE2 receptor 

has strong polar interactions with hydrophilic residues along the virus interface creating a “solid 

network of hydrogen-bonding and salt bridge interactions” (Wang et al 2020). Further, the SARS-CoV-

2 virus binds to the receptor using a spike protein (S-protein) (Zhu et al 2020); the residues that are 

critical for this are Gln493 (glutamine) and Asn501 (asparagine) (wan et al 2020). In addition, they bind 

to two lysine hotspots in the hACE2 receptor, Lys31 (hotspot 31) and Lys353 (hotspot 353) respectively 

(Shang et al 2020).  The lysine (Lys) residue relationship using 6LZG, within the receptor is shown in 

Figure 1, with the transition across from S-protein on SARS-CoV-2 to ACE2 receptor (A) and the specific 

peptide arrangement exploited (B).  

  

Figure 1 A) The overlay between SARS-CoV-2 and the ACE2 receptor, B) Specific binding of the hACE2 lysine with 

SARS-CoV-2 S-protein, particularly the recognition surface lysine.  The projection uses the 6ZLG structure listed 

in the PDB database.   
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The S-protein of SARS-CoV-2 is extensively shielded by glycosylation with the exception of the hACE2 

receptor binding domain (Figure 2) (Grant et al 2020 and Watanabe et al 2020). This section of the S-

protein is the only exposed section that is available to interact with the receptor as glycosylation of 

the protein is “disproportionately high at 42%” (Grant et al 2020).  

Figure 2.  Literature view overlay of MD 

simulation of S-protein with site-specific 

glycosylation. The glycans are shown in 

ball-and-stick representation as green, 

dark yellow, orange and pink. The protein 

surface is colored according to antibody 

accessibility from black to red (least to 

most accessible). (Grant et al 2020)  

 

The S-protein actively seeks glycans, particularly N-linked glycans, such as mannonanose-di-(N-

acetyl-D-glucosamine), for shielding (Grant et al 2020) Mannonanose-di-(N-acetyl-D-glucosamine) 

provides 47% of the S protein coverage (Grant et al 2020) 

 

 

Figure 3.  A visualization of the interaction between the 

hACE2 receptor domain (green ribbon) with a glycan sugar 

(blue box) and the spike protein of COVID-19 (brown ribbon) 

at lysine site LYS353.  Projection uses the 6LZG structure in 

PDB database.  



 

 

The PDB 6LZG X-ray structure of the SARS-CoV-2 spike interacting with the receptor (Figure 3) shows 

the key lysine interaction that occurs between the S-protein and receptor. The glycans surrounding 

the S-protein do not prevent hydrogen bonding (Shang et al 2020).  

To attach the virus to the fabric requires chemisorption:  this can be achieved by mimicking the 

hACE2 receptor binding site, using lysine residues and hydrogen bonding.  The inclusion of a glycan 

such as N-acetyl-D-glucosamine, a subunit of mannonanose-di-(N-acetyl-D-glucosamine), offers 

another non-specific binding opportunity between the S-protein and the fibre. These targets 

synergise with the structural picture and envisaged route to capture the chemical essence of a mimic 

of the target receptor detail of the SARS-CoV-2 spike.  

During the first Covid lockdown, School of Design technician Fiona Robertson led a successful project 

that supported Lincoln NHS hospital and community workers by producing much-needed scrubs.  

Through this project, Ms. Robertson connected with several local textile-based manufacturing 

companies.  Alongside the Scrubs Project, she was also tasked with designing and producing the 

University of Lincoln (UoL) face-cover to be sold in the UoL Merchandise Shop and, to this end, 

contacted a local company Countryside Art to manufacture this product.  Countryside Art is a long-

established, successful printed textile and small fabric goods company with many high-profile 

customers such as The National Trust, The British Museum, and The Louvre. 

Countryside Art agreed to work with Ms Robertson and the UoL to commercialise a face-covering 

originating from the Samsung KX Award-winning Polligon mask design (child's anti-pollution mask) 

devised by Product Design student Owen Phillips.  Ms Robertson took the original design through 

several adaptions before settling on a multi-positional under chin design which retained many of the 

original concepts whilst now being manufacturable.  She rebranded the Stonebow Mask connecting 

it to the Lincoln landmark built initially to keep unwanted visitors.  At this point the design was 

handed over to the small textile products (STP) design team at Countryside Art who, in consultation 

with Ms. Robertson, took the design through to a cost-effective product that still nods to the original 

student design. 

The later design includes a pocket for a disposable and biodegradable filter element. The external 

face covering is designed to cope with multiple machine washings.  The active ingredient was 

originally going to be electrospun onto the filter surface to produce a Petryanov type nano-fibre 

filter, this work was abandoned as although it is technically feasible and would bring electrostatic 

forces to attract particulates into contact with the activated fibres, no suitable partner could be 

identified to scale up the process. The active ingredients were ultimately calendared into the filter 

elements.     



 

 

The group identified four possible adhesion enhancers in addition to fucoidan. The University of 

Lincoln funded the later stages of this development work through its Impact Accelerator Funding 

Scheme, enabling the group to assess the performance of the materials using an independent 

laboratory to perform tests to BS ISO 18184:2019 "Textiles — Determination of the antiviral activity 

of textile products for antiviral properties". The results achieved were over 99% virus retention for 

fucoidan, and better than 97% virus retention for the other materials – the base line for these tests 

was 55% for an untreated filter substrate. These values indicate the proportion of the human 

coronavirus 229E ATCC VR-740 virus that was immobilised by the treatment. 
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