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Interaction of tea polyphenols with biological substances
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™ Introduction

Green tea is well known for its various physiological effects.
Among tea catechins, the galloylated catechins, epicatechin
gallate (ECg) and (—)-epigallocatechin gallate (EGCg),
reportedly have beneficial properties including
chemopreventive, anticarcinogenic and antioxidant actions.
We have focused on chemical studies relating the affinities of
tea catechins for biological substances to the mechanisms of
their biological activities. Based on the amounts of catechins
incorporated into liposomes, we have reported that
galloylated catechins have high affinity for model biological
membranes. In this program, we tried to clarify in detail the
interactions of tea catechins with phospholipids and proteins.

M Results

The association constants obtained by quartz-crystal
microbalance, and partition coefficients for phospholipids
using high-performance liquid chromatography (HPLC) with
an immobilized artificial membrane column show the
following order of affinity: ECg > EGCg > epicatechin (EC) >
epigallocatechin (EGC) (Fig. I). Thus, their affinity for
phospholipids is linked to their hydrophobicity.

In our solution nuclear magnetic resonance study using
bicelles, we found that catechins interact with the surface
of phospholipid membranes, and the B ring and galloyl
moiety of ECg and EGCg are closely located near the
trimethylammonium group of phosphatidylcholine.
Furthermore, we used liposomes and solid-state ?H NMR
analysis to obtain direct evidence of the molecular interaction
between catechins and phospholipid bilayers. By solid-state
3C NMR analysis and *C-?'P rotational echo double
resonance (REDOR) measurements, we accurately
determined the intermolecular-interatomic distance between
the labeled carbonyl carbon of ['*C]-ECg and the phosphorus
of the phospholipid to be 5.3 + 0.1 A (Fig.2). Based on these
studies, we propose that ECg and EGCg interact with the
surface of lipid membranes via the choline moiety of
phosphatidylcholine (Fig. 3).

By HPLC analysis with a human serum albumin (HSA)
column, we showed that galloylated catechins have higher
binding affinities for HSA than do non-galloylated catechins
such as EC and EGC.

™ Perspectives

Because galloylated catechins are reportedly more bitter and
astringent than non-galloylated catechins, it is possible that
tastes and biological activities of tea catechins are closely
linked. We are investigating the mechanisms of astringency of
tea catechins by the new methods that we have developed
and are searching for food substances that inhibit astringency.
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[Figure 1]
Chemical structures of tea catechins.
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[Figure 2]

Intermolecular-interatomic distance between the labeled carbonyl carbon of
[*C]-ECg and the phosphorus of the phospholipid measured by '*C—'P REDOR.
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[Figure 3]

Ball-and-stick model of the interaction of ECg with phospholipid-bilayer consisting of
dimyristoyl phosphatidylcholine

M REWLRRRHRIEMITERE / Major Publications and Achievements

I. Y. Uekusa, M. Kamihira-Ishijima, O. Sugimoto, T. Ishii, S. Kumazawa, K. Nakamura, K. Tanji, A. Naito, and T. Nakayama: Interaction of epicatechin
gallate with phospholipid membranes as revealed by solid-state NMR spectroscopy. Biochim. Biophys. Acta, 1808, 1654-1660 (2011)

2. T. Ishii, K. Minoda, M.-J. Bae, T. Mori, Y. Uekusa, T. Ichikawa, Y. Aihara, T. Furuta, T. Wakimoto, T. Kan, and T. Nakayama: Binding affinity of tea
catechins for HSA: Characterization by high-performance affinity chromatography with immobilized albumin column. Mol. Nutr. Food Res., 54,

816-822 (2010)

3.Y. Uekusa, Y. Takeshita, T. Ishii, and T. Nakayama: Partition coefficients of polyphenols for phosphatidylcholine investigated by HPLC with an
immobilized artificial membrane column. Biosci. Biotechnol. Biochem., 72, 3289-3292 (2008)

4. M. Kamihira, H. Nakazawa, A. Kira, Y. Mizutani, M. Nakamura, and T. Nakayama: Interaction of tea catechins and lipid bilayer models
investigated by quartz-crystal microbalance analysis. Biosci. Biotechnol. Biochem., 72, 1372-1375 (2008)

5.Y. Uekusa, M. Kamihira, and T. Nakayama: Dynamic behavior of tea catechins interacting with lipid membranes as determined by NMR

spectroscopy. J. Agric. Food Chem., 55, 9986-9992 (2007)

48



