2021 2022

Development of non-invasive environmental exposome analysis using epidermal
keratins
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Epidermal proteins, keratins, were used as recording media to estimate
exposure of external stimuli (UV, environmental chemicals, etc.). As a result, analytical method to
screen chemical modifications on keratins was developed. Furthermore, the variation due to UV
irradiation and chemical exposure were confirmed. On the other hand, concentrations of exogenous
small molecules retained on skin were too low to be detected under co-existence of the large amount
of endogenous lipids. Therefore, derivatization with 4-bromophenylhydrazine followed by mass
spectrometric screening using characteristic isotope patterns was developed for targeting analysis
of volatile aldehydes. Furthermore, a nucleophilic peptide GHK present in the epidermis was found
to be a possible trapping reagent for these electrophilic chemicals. Those detection systems
developed here are expected to help for exhaustive exposome in future.
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Fig. 3. Chemical modification (oxidation) rate
(%) of DVDGAYM?$TK (K1) obtained from
upper arm (white bars) and back of the wrist
with (gray bars) or without (dark gray bars)
applying sunscreen cream after exposure to
sunlight (May to October). Data are presented
as means = SEM (error bars) from triplicate
samples. *, p < 0.05 (p values were determined
by an unpaired Welch's t-test).
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Fig. 4. Venn diagrams illustrating the numbers of epidermal lipid
species (ceramide, PE, and PS) detected in (A) positive and (B)
negative ion mode, with (right circle) or without (left circle) exposure
to UVB for 48 h.
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Peptide (*: oxidation site) Protein oxidation (%)
NM*DCIIAEIKAQY K81, K85, K86 133
] cortex Cortex NM*DCIVAEIKAQY K83 214
cuticle LM*KADLETNAEAL K82 58.0
i TM*TPDYQSHF K32 86.3
Met Cuticle AM*RQLVEADINGL K32 88.3
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