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Structure and bioavailability of y-glutamyl peptides in fish and soy sauces and

their effects on phagocytic activity of macrophages
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Salted and fermented fish and vegetable products are widely used in East Asia, with fish sauce,
soy sauce, and miso being the most common seasonings. Miso is known to contain various
modified peptides, including pyroglutamyl peptides, diketopiperazines, and B-aspartyl
isopeptides, which exhibit high bioavailability and diverse biological activities. In contrast,
little is known about the presence and physiological relevance ofmodified peptides in fish
sauce and soy sauce, despite their distinct raw materials and fermentation processes. This
study aimed to identify and characterize modified peptides in fish and soy sauces, evaluate
their bioavailability, and investigate their immunomodulatory effects on macrophages, key

innate immune cells responsible for phagocytosis and cytokine production.

In Chapter 1, more than 96 peptides in commercial fish and soy sauces, including y-glutamyl
peptides, pyroglutamyl peptides, B-aspartyl peptides, and diketopiperazines were identified by
using liquid chromatography—tandem mass spectrometry (LC-MS/MS). Peptide profiles varied
markedly among samples, reflecting differences in fermentation methods and raw materials.
Following oral administration of Vietnamese fish sauce to rats, y-glutamyl and pyroglutamyl
peptides increased significantly in the small intestine, and several hydrophobic y-glutamyl
isopeptides and pyroglutamyl-proline (pGlu-Pro) increased in the blood, whereas most
unmodified peptides did not. Diketopiperazines and B-aspartyl isopeptides increased in both
the intestine and blood. y-Glutamyl peptides also increased in colon tissue and its luminal
contents. These findings demonstrate that fish sauce is particularly rich in y-glutamyl
dipeptides, whereas soy sauce contains abundant diketopiperazines, and that modified peptides

from these seasonings are bioavailable in vivo.

In Chapter 2, the effects of y-glutamyl peptides from Vietnamese fish sauce on macrophage
inflammatory responses were examined. At 1.3 uM, y-Glu-Val, y-Glu-Leu, y-Glu-Phe,
v-Glu-Asp, y-Glu-Pro, and y-Glu-Met reduced lipopolysaccharide (LPS)-induced nitric oxide
(NO) production in J774A.1 macrophages. These peptides also reduced basal NO production
in the absence of LPS. At 0.5 uM, y-glutamyl dipeptides modestly suppressed LPS-induced
phagocytosis, whereas a higher concentration (2.5 uM) modestly enhanced phagocytic activity.
In the absence of LPS, y-glutamyl peptides enhanced basal phagocytosis, suggesting that y-
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glutamyl dipeptides enhance basal phagocytosis activity, possibly through distinct signal
pathways rather than LPS-TLR pathway.

In Chapter 3, the involvement of the calcium-sensing receptor (CaSR) in these effects was
investigated. The CaSR allosteric antagonist NPS-2143 abolished both the suppression of NO
production and the enhancement of phagocytosis induced by y-glutamyl peptides, indicating
that their actions are at least partly mediated through CaSR-dependent allosteric activation.
Collectively, these findings suggest that y-glutamyl peptides allosterically activate CaSR,
leading to B-arrestin—mediated inhibition of NF-«xB signaling downstream of LPS-TLR4,
thereby reducing NO production and LPS-induced phagocytosis. B-Arrestin may also activate
Src kinase to enhance basal phagocytosis independently of TLR4 signaling. Further studies on
intracellular phosphorylation events are required to confirm this mechanism.

Overall, y-glutamyl dipeptides exhibit dual immunomodulatory functions—suppressing
inflammation while enhancing basal phagocytic activity. Their concentrations in the small
intestines exceed 1 umol/kg after ingestion, a level sufficient to exert these effects, and they
accumulate in the colon lumen. These findings open new avenues for exploring traditional
fermented foods as functional dietary components with immunoregulatory potential.
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