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Glycation is a non—enzymatic reaction that occurs between reducing sugars and proteins
that occurs under physiological conditions. The final products of the glycation reaction
are called advanced glycation endproducts (AGEs). AGEs impair protein function, promote
inflammation, and disrupt a variety of processes in various tissues. Glycative stress
contributes to the pathology of diseases associated with aging, as well as the general
aging process itself. AGEs accumulate in the body over time, and under conditions of

hyperglycemia glycative stress is heightened.

It has been thought that because bacteria are short lived with high protein turnover
that glycative stress via non—enzymatic glycation is not a significant factor for their
physiology. However, in recent years glycative stress has been observed to occur in
bacteria. Glycation and AGEs are not only relevant for the survival and growth of

bacteria, but also alter the human body in ways that promote infection.

Two major skin microbes that inhabit the skin microbiome are Staphylococcus epidermidis

and S. aureus.

S. epidermidis is a beneficial species. S. epidermidis produces antimicrobial peptides
that inhibit the colonization and growth of pathogens. The presence of S. epidermidis
also stimulates improved immune response by host skin cells, and inhabits ecological

space that may otherwise be inhabited by pathogens.

S. aureus is a potential pathogen. It is present among a plurality of the population,
and the leading cause of skin infection. Colonization with S. aureus causes inflammation
in the skin and nasal epithelia. S aureus frequently forms biofilms on surgical

implants, catheters, and skin lesions.

Several conditions are strongly linked with skin lesions and S aureus. Atopic
dermatitis, psoriasis, and diabetes mellitus all show elevated abundance of S aureus,
associated with increased severity of symptoms and risk of infection. While the etiology
of these disorders varies, all are associated with increased glycative stress throughout
the body and accumulation of AGEs in the skin. We have also observed and increased
abundance of S. aureus on the skin of healthy seniors, who have significantly increased

fluorescent AGE accumulation in the skin compared to young adults.



We hypothesized that AGEs may increase pathogenicity of S. aureus, and conducted testing

to examine the in vitro effects of glycated keratin.

Previously, a loss of cell viability from elevated glucose and AGEs from was observed
in S epidermidis. Expanding testing to S. aureus, a similar reduction in cell viability
was observed in both species. Exposure to glycated keratin triggered membrane damage
and cellular aggregation in S aureus. It was observed that S aureus metabolizes

fluorescent AGEs from high molecular weight forms to low.

Glycated keratin induced biofilm formation in a dose dependent manner, and high
molecular weight AGEs had a significantly stronger biofilm promoting effect at the same
dosage. Exploring potential topical treatments against elevates skin AGEs and S. aureus
biofilm formation, we examined the biofilm inhibitory effects of several known AGE
crosslink breakers in the AGE-biofilm model. Astaxanthin, clove extract, and rosemary

extract demonstrated a strong ability to inhibit AGE-induced S, aureus biofilms.

A review of the literature was conducted regarding the potential interactions between
glycative stress, S aureus colonization, and viral infection that may play a role in
the increased vulnerability to COVID19 reported in those with diabetes. Finally, a
stable form of sodium hypochlorite was tested for its skin safety and bactericidal
efficacy against S aureus for use as a hand sanitizer. It was determined to be a safe

product, and demonstrated effectiveness at sterilizing S aureus.

The aging microbiome of the skin is characterized by increasing abundance, in absolute
and relative terms, of S aureus. AGEs produced from glucose and keratin triggered
cellular aggregation and biofilm production in S aureus. The presence of elevated
concentrations of AGEs in the skin likely exacerbates S. aureus dysbiosis. Treatments
to reduce the buildup of AGEs in the skin may help to reduce the severity of skin
lesions, recurring staph infections, and other risks of S aureus carriage in those
experiencing elevated glycative stress. Such preventative measures may also help to
avoid the overuse of antibiotics and the development of further antibiotic strains of

S. aureus and other bacteria.



