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Human Apo A-l and Rat Transferrin Are the Principal Plasma
Proteins That Bind Wine Catechins
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The processes of absorption, blood transport, tissular distribution, metabolism, and excretion are at
present understood very little. The aim of this study was to investigate blood transport and identify
which principal plasma proteins in humans and rats bind to monomeric catechin and procyanidins in
red wine ex vivo. Human and rat plasma and serum were incubated with (+)-catechin and procyanidins
from grape seed, the origin of red wine catechins. Proteins were separated by SDS-PAGE and native-
PAGE to determine which proteins bound to these compounds. The principal protein that bound to
(+)-catechin in each species was sequenced. SDS-PAGE showed that (+)-catechin and procyanidins
mainly bound to a protein of about 80 kDa in rats and 35 kDa in humans. Their sequencing indicated
that these proteins were apo A-l in humans and transferrin in rats. The fact that red wine procyanidins
bind to both proteins suggests that they may have a role in reverse cholesterol transport and in the
oxidizing action of iron.
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INTRODUCTION catechins (1011). Lack of precision and sensitivity in the

Recent advances in science have shown that diet and healtfn@lytical methods, as well as the lack of commercial markers,
are inextricably linked, and this has led to a considerable amountas made it more difficult to study the bioavailability of these
of work on how nutrition can improve health and prevent disease c0mpounds. Polyphenols have a high affinity for proteins and
(1). Flavonoids are polyphenolic compounds that are contained Pind to them by hydrophobic interactions, hydrogen bonds, and
in a wide variety of plants and which are an integral part of the covalent bonds@). This binding, however, cannot be general-
human diet. They have a wide range of physiological effects in 1z€d because proteirphenol complexes depend heavily on
vitro as well in vivo (L, 2). The daily intake of flavonoids individual structures. T.he aim of th|§ stgdy was to under;tar_ld
depends on dietary habits or countries; it has been estimated td?lood transport and to identify the principal plasma proteins in
range from 25 mg in northern Europeas$ {0 1 g inJapanese hu_mans and rats liable to bind to red wine procyanldlns. For
tea drinkers (4). Grapes and wine are rich dietary sources ofthis purpose, we used a pure monomerig-Catechin and a
phenolic compounds, flavonoids, and non-flavonoids; the most Mixture of monomeric and oligomeric catechins (MOC) from
common flavonoids in wine are flavonols, anthocyanins, and grape seeds, which are the source of red wine catechins.
monomeric, oligomeric (procyanidins), and polymeric (tannins)
catechins (5). Moderate wine drinking seems to have healthier yaTERIALS AND METHODS
effects than the consumption of other alcoholic beverages, and
some authors suggest that this additional effect is due to its (+)-Catechin Blood Compartmentalization. We used five male
phenolic content®). It has been suggested that the hydroalco- Wistar rats from Iffa-Credo (Barcelona, Spain), weighint@5 g. Blood
holic matrix of wine may facilitate the bioavailability of ~Was drawn from th_e aorta ar_te_ry of ea_\ch anesthetized animal under
catechins (5). fether anesth_eS|a with a heparinized syringe, and th_en each sample was

If flavonoids are to have an effect in vivo, they must first be incubated with 2.5 mg of pure monomerié ¥catechin/mL of blood

) . P for 30 min at room temperature. The blood was fractionated by
absorbed from the diet and directed to target sites. The processe§emrifugation. The plasma was removed, and the erythrocytes were
of absorption, blood transport, tissular distribution, metabolism, \ashed and resuspended with 0.9% Na(E).—(’?atechin from the plasma
and excretion are at present understood very little. The anq the erythrocytes was extracted by centrifugation in 9 volumes of
metabolism of flavonoids has been extensively studied in methanol/50 mM HCI, dried underMiux, and redissolved with yO.
animals, but few data are available for humans. Moreover, nearly Catechin recovery with the extraction method was 75%. Plasma and
all of the studies have been made with quercetir8] and tea erythrocyte (H)-catechin was determined by HPLC in a Spherisorb
catechins (9), whereas few studies have been made with wineODS-2 (25x 0.46 cm) column. The elution system consisted of two
solvents: (A) 4.5% HOOCH in kD; (B) 10:90 v/v CHCN/solvent

* Corresponding author (telephone 34-977 55 8216; fax 34-977 55 82 A, at a flow rate of 1.5 mL min* (13). (+)-Catechin was detected
32; e-mail mchs@astor.urv.es). using a diode array detector.
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A

Monomeric and Oligomeric Catechin Binding to Plasma Pro-
teins. Rat blood was obtained as described above. Human blood was
obtained from healthy women between 20 and 30 years old. The blood
was used to obtain serum and plasma (by centrifugation atgl&00
10 min) because it has been reported that fibrinogen binds catechin
gallates (14). Rat and human plasma and serum were incubated with
pure monomeric+)-catechin (Sigma) or a mixture of monomeric and
oligomeric catechins (MOC) from grape seed purchased from DRT
(Les Dérives Resiniques et Terpéniques, Dax, France). Because the
solubility of the proteir-catechin complex depends on a protein/
catechin ratio of 59.516), the concentration was 4.43 mg/mL of
monomeric catechin and 4.86 mg/mL of MOC. MOC has a mean
molecular weight of 1246 and, according to the manufacturer, contains
essentially monomers (31%), 2-unit oligomers (19%), ard @-unit
oligomers (50%). Proteins from plasma and serum incubated with (
catechin and MOC were fractionated in SDS- and native-PAGE.

The SDS-PAGE was performed in duplicate using 7.5% acrylamide
gels (16). For bands to be identified, molecular mass markers (MW;
Bio-Rad) were loadedM; in kDa: myosin, 200;5-galactosidase,
116.25; phosphorylase B, 97.4; serum albumin, 66.2; ovalbumin, 45).
After electrophoresis, one of the gels was stained with Coomassie blue
and the other with 1% vanillin in 70% 430, as specific catechin
dye, so that the proteins which bound to the catechins could be identified
@an.

The native-PAGE was performed in duplicate using 10% acrylamide
gels (18). After electrophoresis, one of the gels was stained with
Coomassie blue and the other blotted onto Immobilon P membranes
(Millipore). The blot was developed with Coomassie blue. The mobility
of plasma proteins that bind to catechins chan@és. (Therefore, these
proteins can be detected because the band disappears when plasma has
been incubated with catechins, whereas the band of plasma with no
catechins does not. The major proteins binding to catechins were
dogracation procedure) using a Beckman LF3000 sequencer, The0ure 1. SDS-PAGE analyss of ra piasma prteins that bid to pure
analysis was performed by the Protein Sequentation Service (Institut Monemeric catechin and a mixture of monomeric ar_1d oligomeric catechins
de Biologia Fonamental, Universitat Autonoma, Barcelona, Spain). (MOC) from grape seed. Samples (10 xL) were diluted 1:20 and loaded
Sequences for rat transferrin (P12346), human transferrin (P02787),0nto 7.5% polyacrylamide—SDS gels. After electrophoresis, the gels were
rat apo A-l (P04639), and human apo A-l (P02647) were obtained from stained with Coomassie blue or 1% vanillin/70% H,SO, (a specific catechin
the Swiss-Prot database (http://www.expasy.ch/sprot/). Sequences wereye, to identify proteins binding to catechins). Gels with plasma and serum
compared using the LipmaiPearson algorithn2() in the commercial without catechins are not shown because there were no stained bands
program MEGALIGN v. 3.16 (1997, Lasergene software package, ith vanillin. (A) Staining with Coomassie blue: lane 1, molecular mass
DNASTAR, Inc., London, U.K.) using a Power Macintosh. Three-  maikers (Mw): lane 2, albumin + monomeric catechin; lane 3, plasma +
dimensional structures for both human and rat proteins were SearCheqnonomeric catechin; lane 4, plasma; lane 5, serum; lane 6, plasma +

for in the Protein Data Bank (http://wwwz2.ebi.ac.uk/pdb). Their codes ) . . . .
are 1BP5 for transferrin and 1AV1 for apo A-l. Their structures were MOC; !ane ! albgmln + r.nonomclar.lc catechin; lane 8, MW + monomerlc
catechin. (B) Staining with vanillin: lane 1, MW; lane 2, albumin +

visually compared with the Rasmol program (21) using a Silicon . ! . )
monomeric catechin; lane 3, plasma + monomeric catechin; lane 4,

Graphics Indigé XZ workstation.

plasma + MOC; lane 5, serum + monomeric catechin; lane 6, serum +
MOC; lane 7, albumin + monomeric catechin; lane 8, MW + monomeric
catechin.

(+)-Catechin was measured in plasma and erythrocytes, and ) ) ]
the final concentration of catechin in each fraction was Mot the same in humans and rats. The N-terminal sequencing
calculated by taking into account the recovery of the extraction Of the proteins blotted on an Immobilon membrane identified
method and the percentage of each fraction in blood. Compart-thém as apo A-l in human plasma and as transferrin in rat
mentalization, performed with five different experiments, plasma. The molecular weight of these proteins coincides with

66kDa

45kDa

80kDa |

35kDa

1

RESULTS

showed that 90t 2% of (+)-catechin added to blood was in
plasma and that 18 2% was in the cellular fraction.

SDS-PAGE was carried out on plasma and serum to discern
whether fibrinogen was the protein that binds catechins. There
were no differences between plasma and serum. Béia (
catechin and MOC bound to the same proteins, indicating that
the degree of polymerization did not affect their affinity for
these proteinsA)-Catechin and procyanidins bound to several
plasma proteins but mainly to a protein 80 kDa in rats
(Figure 1) and~35 kDa in humans (Figure 2).

To check that catechinprotein complexes were not broken
by SDS, electrophoresis was repeated in native conditions
(Figure 3). The results obtained by native-PAGE again showed
that the major plasma protein binding to the compounds was

the weights obtained from SDS-PAGE analysis.

DISCUSSION

It seems clear that the moderate consumption of alcohol
reduces mortality from coronary heart diseases (22), but wine
appears to be more beneficial than alcoh6). (Although
epidemiological studies (23) and some studies carried out on
rats (24,25) indicate that wine flavonoids have effects in vivo,
much is still unknown: for example, the mechanism through
which they act, how they are transported to target sites, and
their bioavailability. It was for this reason that we decided to
study the affinity of grape seed catechinghich are abundant
in red wine—for plasma proteins and how they are transported
in the blood.
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Figure 2. SDS-PAGE analysis of human plasma proteins that hind to
pure monomeric catechin and a mixture of MOC from grape seed. Samples
(10 uL) were diluted 1:20 and loaded onto 7.5% polyacrylamide—SDS
gels. After electrophoresis, the gels were stained with Coomassie blue or
1% vanillin/70% H,SO, (a specific catechin dye, to identify proteins binding
to catechins). Gels with plasma and serum without catechins are not shown
because there were no stained bands with vanillin. (A) Staining with
Coomassie blue: lane 1, molecular mass markers (MW); lane 2, transferrin;
lane 3, plasma; lane 4, plasma + monomeric catechin; lane 5, plasma +
MOC; lane 6, serum; lane 7, serum + monomeric catechin; lane 8,
serum + MOC. (B) Staining with vanillin: lane 1, transferrin; lane 2,
plasma + monomeric catechin; lane 3, serum + monomeric catechin;
lane 4, plasma + monomeric catechin; lane 5, plasma + MOC; lane 6,
serum + MOC; lane 7, serum + MOC.

In accordance with other result2g) we found that )-

Brunet et al.
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Figure 3. PAGE analysis of human and rat plasma proteins that bind to
pure monomeric catechin and a mixture of MOC from grape seed: lane
1, transferrin; lane 2, rat plasma; lane 3, rat plasma + monomeric catechin;
lane 4, rat plasma + MOC; lane 5, human plasma; lane 6, human
plasma + monomeric catechin; lane 7, human plasma + MOC. Samples
(20 uL) were diluted 1:20 and loaded onto 10% polyacrylamide gels in
non-denaturing conditions. Proteins were blotted onto Immobilon P
membranes after electrophoresis and stained with Coomassie blue.
Protein—catechin complexes were identified by band disappearance.

and band disappearance (native condition) were higher with
MOC from grape seed than with pure monometig-€Catechin.

It therefore follows that the affinity of catechins for protein
increases as the degree of polymerization of catechins increases,
as suggested by other authoB9). However, phenolic com-
pounds are metabolized in vivo (sulfates, glucuronides, etc.),
and this may modify their binding to plasma proteins.

Other authors have studied flavoneigrotein interactions.
Quercetin and its derivatives bind to albumin in the plasma of
rats fed a diet supplemented with querce8i,32). Epigallo-
catechin gallate-a tea catechirtbinds to human plasma proteins
such as fibronectin, fibrinogen, and a histidine-rich protein when
the serum is incubated with tea catechins (14). We observed
no differences between plasma and serum, which indicates that
fibrinogen does not act in the transport of procyanidins from
grape seed.

The concentrations of pure monomeri¢){catechin and
MOC from grape seeds that were used in this study are higher
than those that have been described in humans and animals after
the ingestion of quercetin or tea catechits 33). Such high
concentrations were required because the method used needs
the system to be saturated if it is to observe the vanillin coloring
or the disappearance of the bands. Therefore, the fact that at
such high concentrations only certain bands disappear reinforces
even further the idea that the catechprotein binding is highly
specific and that even if there is an excess, they do not bind

catechin is mainly transported by plasma. The small amount nonspecifically to majority proteins in plasma such as albumin.
that is transported by erythrocytes (10%) is believed to be bound This shows that in vivo they will probably bind in this specific
to membrane phospholipids (27). fashion and that these proteins will interact with wine catechins.
Phenolic compounds generally bind to several proteins There are no studies on whether the oligomeric forms of wine
(28,29), and it is believed that they may be transported bound catechins absorb or not, but epigallocatechin gallate of tea
to plasma proteins. To identify the plasma proteins that bind to catechins has been found in animals that have been given tea
wine catechins, we carried out SDS electrophoresis on plasmacatechins34). Thus, it seems that the specific structure of each
and serum incubated with MOC from grape seed or pure phenol determines how it interacts with a particular protein, so
monomeric (+)-catechin. As some researchers have reportedthat each phenol can be specifically transported by plasma and
that phenol—protein complexes break in the presence of SDShave a particular physiological effect.
(19), we repeated the electrophoresis in native conditions. In  As mentioned above, the major protein to bind to grape
both conditions, the proteins that bind to grape procyanidins procyanidins was different in the two species. In humans grape
were the same, so it can be assumed that the SDS does nagprocyanidins bound preferentially to apo A-l, whereas in rats
totally break the phenelprotein complex. Our results show that they bound to transferrin. It should be pointed out that other
the principal protein that binds to grape seed procyanidins wasplasma proteins were also bound to a lesser extent in both
a protein with an approximate molecular weight of 35 kDa in species. A comparison of human apo A-l and rat transferrin
humans and 80 kDa in rats. These proteins were identified assequences and three-dimensional structures did not clarify why
apo A-l and transferrin, respectively. The protein/catechin ratio these were the preferred plasma proteins binding to catechins:
was maintained constant, and vanillin dying (SDS condition) each protein was very similar in the two species, but the two
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between human and rat apo A-l was 60.6%, and that between
human and rat transferrin was 71.9%. However, when com-
parisons were made between transferrin and apo A-l, the
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