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Silk from the silkworm Bombyx mori is well-known for its use in clothing. Silk is also a high-performance biomaterial

that is already clinically approved due to its renowned biocompatibility, low immunogenicity and tunable

biodegradation (minutes to years) 

silk fibroin  liquid–liquid phase separation  Bombyx mori

1. Introduction

More than 1.5 million different medical devices are in use today, and yet the palette of materials approved for

human use is extremely small . This places limits on medical progress and has created a strong demand for an

orthogonal strategy for the design and discovery of novel materials, including new silks.

“Everyday” silk from the silkworm Bombyx mori is well-known for its use in clothing. However, silk offers solutions

to many biological challenges (e.g., housing, protection and on-demand assembly) because it has arisen in nature

at least 23 times in independent convergent evolutionary events in a range silkworms, spiders and other

organisms, and its ubiquity and widespread use are clear testaments to its biological success . Clinically, silk

offers solutions to unmet healthcare challenges and contributes towards a healthy nation. Silk is a high-

performance biomaterial that is already clinically approved due to its renowned biocompatibility, low

immunogenicity and tunable biodegradation (minutes to years) . Silk degrades into benign products that do not

accumulate in the body or the environment . Its unique physical properties (e.g., toughness) support the medical

use of silk as a suture material and surgical mesh for load-bearing applications (Sofregen Inc.) . Silk’s robust

safety record in humans and in ongoing clinical trials makes it a highly attractive material for state-of-the-art

medical applications . The spun silk fiber can either be used directly or reverse engineered into liquid silk for

processing into stimulus-responsive nanomedicines , stabilizers for payloads (drugs, proteins and diagnostics) ,

medical sensors , hydrogels for tissue engineering  and vehicles for drug and cell delivery .

While the biomedical use of silk has spanned several millennia, silk did fall out of fashion with the advent of

synthetic manmade fibers, in the erroneous belief that we are able to “beat” nature. However, over the past 20

years, interest has been renewed both in our fundamental understanding of silk and in its biomedical applications

. Today, more than 13,000 publications on this subject are at our fingertips, and the number continues to grow

(PubMed accessed January 2021). At the same time, technological innovations  open up new silk processing

strategies, uses and applications. A number of timely reviews have covered the biomedical use of silk ,

recombinant silks  and their applications (e.g., drug delivery , tissue engineering , additive manufacturing
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 and disease models ). For example, an excellent review of silk nanoparticles is included in this special issue

on silk-based biomaterials . Silk is also making a marked ingress into the cosmetics and personal care products

industry. Here, recombinant spider silk-inspired proteins are often used to ensure vegan product certification

(reviewed in Reference ). Summary of emerging silk material trends is show in Figure 1.

Figure 1. Summary of emerging silk material trends. Repurposing , solution-based designs , phase

separation  and flow  impacting manufacturing and creating living materials.

2. Biomedical Applications

The popularity of silk continues to grow, impacting virtually all areas of biomedical research. For example, the

precision cutting  or patterning of silks has already provided the ability to influence applications, ranging from

stem cell biology to the design of rewritable optical storage devices . However, in light of the ongoing Covid-19

pandemic, I have picked one example where silk is having a particular impact. At the start of the Covid-19

pandemic, the shortage of personal protective equipment spurred the demand for homemade face masks, to

reduce the transmission of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) via respiratory

droplets. Supratik Guha and co-workers examined the potential of common household fabrics, including silk, for

their potential use in face mask construction . To measure the filtration efficiencies, this research group used a

custom-built system which included a sodium chloride–particle generator to emulate respiratory droplets. The initial

publication reported that multiple layers of fabrics improved filtration efficiency, when compared to a single layer

. Furthermore, cotton/silk hybrid fabrics were particularly well suited as mask materials. The work attracted

global attention. The authors have since published a correction , expanded the dataset and responded  to

letters to the editor .
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Subsequent measurements by other researchers from three different laboratories have demonstrated that natural

silk has the lowest impedance, compared to cotton or cotton/polyester mixtures with different thread counts per

inch (tpi) . For mask performance, impedance is important because it relates directly to the comfort and

breathability of the material. Impedance also impacts the degree of protection offered by the mask. As impedance

increases, the unfiltered tributary airflow through leaks in the mask also increases, thereby reducing the overall

degree of protection. Meticulous measurements indicated that four layers of silk had a 40 to 50% filtration

efficiency, which was substantially higher than four layers of 400 tpi cotton (and these data now correct the

scientific literature). While cotton failed the NIOSH 42 CFR 84 standard for breathability, silk passed easily. Silk has

the added advantage that it minimizes skin irritation. Nonetheless, both N95 and surgical masks outperformed silk

or any other materials tested and therefore remain the preferred choice.

3. Conclusion and Outlook

Fashioning facemasks from silk during a global pandemic is a clear testament that the silk fiber continues to

support human health in its native form, despite our ability to unspin the silk thread. While the sole focus of this

review has been to provide examples of recent advances in fundamental silk science, the application of silk

science findings to synthetic polymers, the orthogonal use of silk in living cells and the novel silk processing now

available all confirm that the silkworm remains an invaluable asset that goes well beyond its ability to spin the silk

thread. Silkworms have evolved to produce large amounts of protein and are thus ideally placed to be genetically

re-programmed, allowing B. mori silkworms to also serve as biofactories of tailor-made high-value proteins .

For example, the use of the B. mori genetic toolbox made possible the expression the SARS-CoV-2 spike protein in

silkworms , and the use of silkworms to generate virus-like particles is expected to contribute to the SARS-CoV-

2 vaccine pipeline.
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