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Exogenous hydrogen sulfide (H2S) impacts human physiology at concentrations higher than 
~300 µM, leading to death at 15 mM or higher concentrations1,2. In the last 30 years, 
significant discoveries have led to that H2S is physiologically produced. Starting with 
cysteine as substrate, the enzymes cystathionine β-synthase (CBS), cystathionine ɣ-lyase 
(CSE), D-amino acid oxidase (DAO), and 3-mercapto-pyruvate sulfurtransferase (MPST), 
H2S is generated at concentrations ranging from ~50 µM to ~300 µM. They are organ-tissue 
specific because of the nature and enzymes distribution, i.e., kidneys (CBS, CSE,  DAO, MPST), brain (CBS, 
DAO, MPST), heart (CBS, CSE, MPST), liver (CBS, CSE, MPST), lungs (CBS, CSE) and pancreas (CBS, CSE). 
Thus, H2S has been implied in neuromodulation, neuroprotection, vasodilation, anti-inflammation, 
gastrointestinal cardiovascular, respiratory, and central nervous protection, chronic obstructive pulmonary 
disease, Alzheimer’s, cancer, diabetes, and kidney disease diseases3-5. Furthermore, H2S plasma level 
variations of 50 µM µM to 150 µM from “normal levels” are associated with the fibrosis phenomena6. SARS-CoV-
2 survivors had ~150 μM higher H2S levels than other patients with significantly higher 
mortality (7). Despite knowledge, the H2S concentration values are subject to intense dispute 
because there is no suitable sensor capable of directly measuring such H2S concentrations. 
The clam Lucina Pectinata lives in the sulfide-rich environment, present in the sea mangrove 
on the Puerto Rico coastlines. For groups of people around the island, it is folkloric food. L. 
pectinata contains three types of hemoglobin: HbI, HbII, and HbIII, each distinguished with 
different chemical properties. HbI is a monomeric protein with a molecular weight of 14,443 
and a composition of 143 amino acid residues. It is called the hydrogen sulfide (H2S) reactive 
hemoglobin. It is responsible for binding and delivering H2S to the clam endosymbiotic 
sulfide-oxidizing bacteria, while HbII and HbIII transport oxygen to the system. The 
recombinant hemoglobin I from the clam Lucina pectinata (Figure 1) with the heme in the 
FeIII oxidation state has an extraordinary affinity for H2S (kon 6.8 x 103 M-1s-1/koff 5.5 x10-5 s-1) of 1.24 x 108 M-1, 
which makes met-aquo rHbI exceptionally suitable for H2S entrapment, delivery, and detection.   The rHbI 
hexahistidine tag in two gold electrode scenarios showed H2S sensitivity from 25nM to 800nM (8-10). Furthermore, 
the rHbI hexalysine tag was immobilized on carbon nanotubes via covalent conjugation showed an 
electrochemical response toward H2S in the mark range from 10 µM to ~300 µM(10). Despite the impressive data, 
these electrodes are not practical because of their size (2 cm2). The challenge is to reduce 
the electrode to micrometer standards.    Furthermore, rHbI-H2O absorbed on a collagen 
porous scaffold in the presence of H2S generated the stable rHbI-H2S (kon 6.8 x 103 M-1s-1) 
complex. The results demonstrate the ability of the rHbI-H2O collagen scaffold composite to 
be an excellent trap for H2S. Future work in this direction includes producing a met-aquo 
rHbI collagen complex printed in a chromatographic paper that will trap H2S gas from 
different biological sources. The rHbI-H2S complex under physiological parameters (pH 7.4, 
Kreb’s buffer solution, oxygen exposure, temperature 37.0ºC) has shown very slow 
dissociation rate constants (koff 6.26 x 10-5 s-1) and long half-life. These results demonstrate the slow-released of 
the H2S from the rHbI protein complex. The challenge is to develop the proper polymeric matrix capable of 
stabilizing the rHbI-H2S complex for H2S delivery for a more extended time.  
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