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Interactions between salivary proline-rich proteins and tannins are involved in astringency, which is
one of the most important organoleptic sensations perceived when drinking wine or tea. This work
aimed to study interactions between a recombinant human salivary proline-rich protein, IB-5, and a
flavan-3-ol monomer, epigallocatechin gallate (EGCG). IB-5 presented the characteristics of natively
unfolded proteins. Interactions were studied by dynamic light scattering, isothermal titration micro-
calorimetry, and circular dichroism. The interaction mechanism was dependent on protein concentra-
tion. At low concentrations, a three-stage mechanism was evidenced. Saturation of the interaction
sites (first stage) was followed by protein aggregation into metastable colloids at higher EGCG/protein
ratios (second stage). Further increasing this ratio led to haze formation (third stage). At low ratios,
a disorder-to-order transition of IB-5 structure upon binding was evidenced. At high protein
concentrations, direct bridging between proteins and EGCG was observed, resulting in significantly
lower aggregation and turbidity thresholds.

KEYWORDS: PRPs; proline-rich proteins; IB-5; natively unfolded proteins; PPII helices; flavan-3-ols;
EGCG,; isothermal titration microcalorimetry; dynamic light scattering; circular dichroism; disorder-to-
order transition.

INTRODUCTION be considered as a quality or a default, depending on the wine
type. Astringency is often modulated by an enological process
called “fining”. Several types of fining agents such as casein,

albumin, or gelatin can be added to the wine in order to make
some tannins precipitate. This enological operation is often

achieved empirically and the result is evaluated by tasting the
wine. A better understanding of molecular and colloidal causes
of these interactions could facilitate astringency control, which

is of importance in the wine industry.

Tannins present a wide range of structures usually divided
into two categories: hydrolyzable and condensed tannins. The
hydrolyzable tannins are compounds containing a central core
Y%f glucose or other polyhydric alcohol acylated with gallic acid
gallotannins) or hexahydroxydiphenic acid (ellagitannins). The
condensed ones are oligomers and polymers of flavan-3-ols that
may differ in the nature and proportions of their constitutive
units (e.g., catechin, epicatechin, epicatechin gallate, epigallo-
catechin), in their degree of polymerization (varying between

2 and more than 100), and in the type of linkages between units.
* Corresponding author: tet 33 499 612 758; fax- 33 499 612 857; Tannins in wines are flavan-3-ols.

e'r??,'\:%’?ﬂ&%ﬁ;&ﬁgﬁg’d;@%_ Proline-rich proteins (PRPs) constitute about two-thirds of

¥ CERMAV-CNRS. human parotid salivary proteins (136). They are usually

Polyphenols such as tannins are widespread in the plant
kingdom and they are known in particular to participate in plant
defense mechanisms-3). Tannins have antioxidant properties,
which may be beneficial against illnesses that are due to
oxidative stress4). They also have negative effects on animals,
including growth rate depression and inhibition of digestive
enzymes §, 5, 6). These biological effects are related to the
ability of tannins to interact with proteins and sometimes to
precipitate them (7). Our interest is focused on tannin interac-
tions with salivary proline-rich proteins, which are thought to
be part of animal and human defense mechanism against dietar
tannins (6,8—10). Interactions between salivary proline-rich
proteins and tannins also seem to be responsible for astringenc
perception (311—14), which is one of the major organoleptic
characteristics of plant-made beverages (wine, tea, beer, fruit
juice, etc.). We focused here on red wine astringency that can
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divided into glycosylated, acidic, and basic types, which have 1 SPPGKPQGPPQQE

different functions 7). Acidic PRPs are reported to bind 14 GNKPQGPPPP
Icium and to inhibit crystal growth, functions that may be e GKPQGPPRA

caic . nnibit crystal g ' g Y 33 GGNPQQPQAPPA

important in maintaining calcium homeostasis in the moijh ( 45 G KPQGPPPPPQ

They are also involved in dental pelliclé)( Glycosylated PRPs 56 GGRPPRPAQGQQPPQ

ensure oral lubrication1@) and bind oral bacterial9). Basic Figure 1. 1B-5 amino acid sequence (20), displaying the tandem repeats.
PRPs are able to interact with plant tannins, as stated before.

Among basic PRPs, IB-5 is encoded by fPieB4Sgene: it is R on its N-terminal end). This protein mixture was considered as
the C-terminal part of the PRB4S proprotein, which is cleaved relevant for studying PRP/flavan-3-ol interactions, as there is no major
in the salivary glands by furin-like proteases to generate IB-5 interaction site in the three additional amino acids. It will be referred
and a glycosylated protein 1I-117). IB-5 contains 70 amino  here as “IB-5". To get indicative molar concentrations of the protein
acids arranged in six tandem repedtgy(re 1). We produced _solutions, amean molecular mass of 7(_)00 Da for thg protgin was used
this protein by the recombinant pathway using the yBashia in the calculations. Nevertheless, protein concentration will always be
pastoris, as previously describe2)). This protein was shown indicated in m'”'grar.ns per millliter in th's. paper.

to be a natively unfolded protein (20), that is, a protein Sample Preparation. The whole experiments were performed at

ti littl d truct d an acidic pH of 3.5, which is the average pH of wine. We previously
presenting very little secondary structure and, as a ConsequenCe&, o ad that, when drinking wine, the pH of the expectorated solution

a flexible backbone (2122). is equal to that of wine and not to that of saliva (neutral pH). lonic
Interactions between tannins and proline-rich proteins have strength was first adjusted to 100 mM with NaCl, which is consistent
been investigated with numerous complementary techniqueswith wine (32) and saliva (33) mean ionic strengths.
such as nuclear magnetic resonance (NMIR) 23—25), small- Stock solutions of protein (2 and 5 rmL~%) and of EGCG (4.0,
angle X-ray scattering (SAXSR6), dynamic light scattering 8.0, and 12.8 mM) were prepared in the interaction medium (aqueous
(DLS) (26, 27), mass spectrometry (MS2g, 28), and, more ;olution at pH 3.5 adjusted with HCI, plus 100 mM N_aCI). They were
recently, isothermal titration microcalorimetry (ITC39,30). ~ 'mmediately frozen (~20C) to prevent EGCG oxidation and protein
These interactions primarily generate noncovalent complexes.Proteolysis. Prior to mixing, they were diluted at room temperature to
They increase with both the degree of polymerization of the the_ r_equested co_nce_ntratlor} and_flltered with disposable syringe filters
tannins and their extend of galloylation. Interactions are [Millipore, poly(vinylidene difluoride) (PVDF) membrane, 0.22n].

. .2 . Dynamic Light Scattering: Protein Dissolution.DLS is a light-
generally attributed to hydrophobic interactions between the scattering experiment in which the statistical intensity fluctuations in

aromatic rings of the tannins and hydrophobic sites of the jight scattered from colloids in solution are measured. These fluctuations
protein, such as prolyl rings of proline residues. Hydrogen gare related to their Brownian motion (and so to their diffusion
bonding between the H-acceptor sites of the proteins and thecoefficient). Their analysis provides information concerning particle
hydroxyl groups carried by polyphenols is also reported to size and polydispersity. DLS measurements on protein solutions were
strengthen these interactions. carried out with a Zetasizer Nano S (Malvern Instruments, Malvern,

Using proline-rich peptides of 7 and 19 amino acids, histatins U-K-), equipped wit a 4 mW He-Ne laser (633 nm). Measurements
and polyphenols (flavan-3-ol monomers and hydrolyzable were performed at 2%C, at an angle of 173from the incident beam.

tannins), Charlton et al3() proposed a three-step mechanism | ¢ ime dependence of the scattered light was monitored and the

f interaction as a function of the flavan-3-ol/protein ratio. At autpcorrelatlon funct}on was recorded. Cumulant anqu5|§ was achlgved
0 . “ N L to fit the autocorrelation curves and to calculate the diffusion coefficient
low ratios, “soluble complexes” are formed after binding of () of the colloids. Hydrodynamic radi, were then derived from the
polyphenols to proteins. When the flavan-3-ol/protein ratio giffusion coefficient by use of the Stoke&instein equation, with the
increases, proteins are cross-linked by polyphenols and theassumption that objects are spheric@l= kT/(627R,), wherek is the
complexes become insoluble (second stage). Finally, the third Boltzmann constant, is the temperature, anglis the solvent viscosity.
stage corresponds to further aggregation of proteins and leadseak analysis in volume was considered and the corresponding
to phase separation. Jobstl et 26) confirmed this mechanism  hydrodynamic diameters were referred toZas Measurements were
using ap-casein that was dephosphorylated, so as to present gperformed in duplicate on several protein concentrations (from 3 to 5
random coil structure, and epigallocatechin gallate (EGCG). In M9"ML™) to extrapolateZ, to null concentration. ,
the present work, we studied the interactions between the full- Protein/EGCG Interaction Kinetic®rotein/EGCG interactions were
length non glycosylated human salivary proline-rich protein -5 Monitored with a Malvern Autosizer 4800 (Malvern Instruments,

. .~ Malvern, U.K.)) equipped with a 35 mW He\e laser (633 nm,

and a flavan-3-ol monomer, EGCG. Our aim was to determine

. . . - Coherent, Auburn, CA) and APD detection. Measurements were carried
the interaction mechanism between IB-5 and EGCG with the ot 4t 25°C, at an angle of 90from the incident beam. Peak intensity

use of three complementary methods: DLS, ITC, and CD. Over gnalyses were used to determine the average hydrodynamic diameters
the impact of EGCG/IB-5 molar ratio, we evaluated the of the aggregate.,. Polydispersity index was obtained by a cumulant
influence of protein concentration and we took into account analysis of the intensity autocorrelation function. Time zero was defined
kinetic effects. as solution mixture in the measurement cell, and mixture evolution
was monitored for 24 h. Each measurement was the average of 10
subruns, and all assays were performed in duplicate. Control measure-
ments were made on solvent, and on proteins or EGCG solutions at
Chemicals.EGCG was purchased from SigmaAldrich (St. Louis, adequate concentrations.
MO); sodium hydroxide, hydrochloric acid, and sodium chloride were Isothermal Titration Microcalorimetry . In a typical ITC experi-
purchased from Merck (Whitehouse Station, NJ). Human salivary ment, a solution of a ligand (receptor, antibody, etc.) is titrated against
proline-rich protein, IB-5, was produced by use of the y&agiastoris a solution of a binding partner at constant temperature. The heat released
as a host organism and purified as described previo@8ly N-terminal or absorbed upon their interaction (AH) is monitored over time. Raw
sequencing of the protein evidenced the presence of two sequences imata are obtained as a plot of heat flow (microcalories per second)
the protein sample, respectively corresponding to IB-5 N-terminal against time (minutes). These raw data are then integrated peak-by-
sequence and to the same sequence with three more amino2@jds (  peak and normalized to obtain a plot of observed enthalpy change per
MALDI TOF mass spectrometry corroborated the presence in the mole of injectant AH, kilocalories per mole) against the molar ratio
sample of a protein with a molecular mass of 6923 Da (IB-5) and ligand/binding partner. Experiments were conducted on a VP ITC
another one of 7237 Da (IB-5 with three more amino acids S, A, and microcalorimeter (Microcal, Northampton, MA) at 28. EGCG

MATERIALS AND METHODS
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solution (6.4 or 12.8 mM) was titrated into the stirred sample cell (1448 70
uL) containing the protein (0.252 mgmL™) as a sequence of 30
injections of 1QuL. Reverse titration was also achieved when necessary.
The duration of each injection was 20 s, and a delay time of 300 s was
respected between injections to allow equilibration. Data acquisition
was achieved with VP Viewer 2000 software. Dilution of EGCG signal
was recorded and subtracted from interaction raw data. By use of the
Origin 7 software, raw data were integrated peak by peak and
normalized to get a plot of observed enthalpy change per mole of
injectant (AHy9 against EGCG/protein molar ratio.

Circular Dichroism. Far ultraviolet (206-260 nm) circular dichro-
ism spectra were recorded on a Chirascan circular dichroism spec- .
trometer (Applied Photophysics, Leatherhead, U.K.) at room temper- o 0.5
ature in a circular cell (0.5 mm length path). All spectra were averaged
from five scans. The EGCG spectrum was recorded as a control and
subtracted from the EGCG/protein mixture spectrum. The protein Figure 2. Phase diagram corresponding to EGCG/IB-5 mixtures in HCI,
concentration was fixed at 0.5 mgL~%, and the EGCG/IB-5 molar  pH 3.5, and 100 mM NaCl. (O) Mixtures in which no colloids detected by
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Protein concentration in the following experiments ranged — 200 | mantEuTatntm" R Pond
from 0.2 to 2 mgmL~1. Indeed, PRP concentration in saliva is E - ‘“m“u‘{“
reported to be around 1.5 nigL—! (34), and we estimated the & 150 1 . an“““ “ P1:0.06
dilution of saliva in the mouth when drinking wine to be around 2 aaansdt “D o o o
6-fold. Such a dilution leads to a final PRP concentration on = 100 ,"""DDDDDDD o g o’ _ ®
the order of 0.2 mg-mt! in the wine/saliva mixture. ?ﬁ i 0o A2 Doon

DLS Experiments. Protein dissolution in 100 mM NaCl was Ty paEataTal
checked for a concentration range between 3 and Snhgt. = MMMAMMAAAA
DLS experiments evidenced the presence of very few particles 0 MAAAAM‘ . ‘ .
in these rath_er concentrated protein solutions (_dlameter around 00:00 0400 0800  12:00  16:00
100 nm), attributed to the presence of some residual aggregates. Time ()

These particles, which represented less than 1% of the scattered o ] )
intensity in volume, accounted for only a negligible amount of Figure 3. DLS monitoring of IBS/EGCG mixtures for (triangles) 0.2
the protein content. They could be eliminated neither by filtration Mg-mL"" IB-5 and 1 mM EGCG (EGCG/protein molar ratio = 36) and
on 0.22um filters nor by ultracentrifugation (100000g, 15 h). (Squares) 0.2 mg-mL~* IB-5 and 1.3 mM EGCG (EGCG/protein molar
Average hydrodynamic diameter of IB-5, extracted from the ratio = 46). Open symbols correspond to normalized scattered intensities
size analysis in volume, was 34 0.2 nm. Within the tested (I.Scan, absorbance units), and solid ones correspond to mean hydrodynamic
concentration range, it did not depend on protein concentration. diameters (Za, nanometers).
Distribution around this average value was quite large (result ) )
not shown). This can be explained by the probable asymmetrythreshold was found to pe between EGCG(proteln mol_ar ratios
of unfolded proteins and their random orientations in the sample. ©f 18 and 36. At a ratio of 36, aggregation was evidenced
In such cases, hydrodynamic diameter is considered only as dmmediately after mixing Rigure 3). The hydrodynamic
convenient or conventional magnitude to characterize the sizediameter of the aggregates,,, increased slowly, in parallel to
distribution in solutions (35). the scattered intensity. At a ratio of 46, both aggregate size and
Protein/EGCG interactions were studied by DLS for three Scattered intensity quickly reached pseudoplateau values, indi-
protein concentrations (0.2, 0.5, and 1-mg 1) and several  cating that aggregation occurred fasteiglre 3). In both cases,
EGCG/protein molar ratios (360). Controls were recorded ~ Polydispersity indexes (PI) remained low. Suspensions were
on IB-5 and EGCG solutions at the different concentrations Metastable and no phase separation (haze formation) could be
used. The intensity scattered by these solutions remained veryobserved. Further increasing the EGCG concentration led to
low (normalized scattering intensitiea: < 1). We therefore |mm(_ed|ate h_aze formation, corresponding t_o enlarged aggrega-
concluded that when an increase in scattered intensity wastion in solution. The threshold to reach this stage was called
observed after EGCG addition to IB-5, aggregates made of the “turbidity thre_shold”. At a protein concentration of 0.2
several EGCG and IB-5 molecules were formed. These ag-Mg:mL™, the turbidity threshold was found to be between 46
gregates may be compared to what Charlton et3dl) ¢alled and 57 EGCG/protel_n. These results are in accordance with the
“insoluble complexes”. Aggregate formation and evolution were three-stage mechanisms proposed by Charlton e8a). gnd
monitored during 24 h except when the medium became turbid. Jobstl et al. (26).
Turbidity results from the presence in solution of numerous  Increasing IB-5 concentration significantly decreased both
aggregates or of large ones. The different behaviors observedaggregation and turbidity thresholdSdure 2). At high protein

during interaction experiments are summarized-igure 2. concentration (1 mg-mt?), aggregation occurred for a molar
They indicate that interaction mechanisms were dependent onratio of 3 EGCG/protein. At this ratio, metastable aggregates
both protein concentration and EGCG/IB5 molar ratio. were observed (£ on the order of 180 nmgca40, P1 0.17).

At low protein concentration (0.2 mmL 1), three different ~ This may be due to a direct bridging of proteins by EGCG,
behaviors were observedfigure 2). At low molar ratios, no favored by the increasing protein concentration (when proteins
significant variation in scattered intensity could be observed. If are more concentrated, they are nearer in the solution).
interactions between IB-5 and EGCG occurred, they did not ITC Experiments. DLS experiments were unable to prove
lead to the formation of detectable aggregates. The aggregatiorthat an interaction took place at low EGCG/protein molar ratios
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EE , _Em Figure 5. Interpretation of the complex signal observed in ITC at each
- injection in the first two phases of the titration. Bold arrow indicates the
-2 . — T T moment of injection on the ITC raw data. Circles represent EGCG
0 EG;E_?J-I _4r?m M_SO U molecules (isolated or stacked); bold line represents the unstructured
. protein masar r2to B protein. Phenomena occur quite simultaneously in the medium but when
Figure 4. ITC raw data and enthalpy change per mole of injectant (AHons) one supplants the others, its intensity is determinant for the overall signal

against EGCG/protein molar ratio for titration of 0.5 mg-mL™! IB-5 by
12.8 mM EGCG. Letters a—d correspond to different stages of the titration.

(Inset) 1, first exothermic signal; I, endothermic signal; Ill, second concentration of added EGCG. At the end of the titration, we
exothermic signal. observed an endothermic phenomenBig(re 4d), which was
attributed to EGCG dilution. Indeed, EGCG is likely to self-
associate in aqueous solutioB6( 37). As EGCG is very
concentrated in the syringe before injection, molecules are
protein concentration (mg-mL~?) 0.25 0.375 0.5 probably stacked. A control experiment was performed (Sup-
(EGCGlprotein) ratio 3rd stage threshold >70 40 33 porting Information). It confirmed that injection of EGCG in
the titration medium yielded endothermic peaks that were
probably caused by the dissociation of EGCG stacks.
and at low protein concentration, as no aggregation was detected. During the first two stages described abo¥g(rre 4a,b),
Therefore, we checked the existence of a binding phenomenonpe signal observed at each EGCG injectiGig(re 4, inset)
by ITC. Moreover, this technique can provide thermodynamic was complex and corresponded to successive heat absorption
data for this system. and release. This signal results from different concomitant
Experiments were achieved at five IB-5 concentrations (0.25, phenomena, the respective intensity of the most important one
0.375, 0.5, 1, and 2 mmL ). Their results corroborated the  being determinant for the resultant intensity that is recorded as
effect of protein concentration on the mechanism of interaction. raw data. Heat absorptiofigure 4, inset, peak 1) was related

that is recorded as raw data.

Table 1. EGCG/Protein Molar Ratio Threshold for Third Interaction as
a Function of IB-5 Concentration

ITC raw data at high protein concentrations (1 and 2mig ) to EGCG dilution into the solvent, as stated before. Heat release
were not interpretable. This is likely to be due to the immediate was attributed to EGCG/protein interactions. The first release
aggregation of EGCG and IB-5, as observed by DLS. (Figure 4, inset, peak 1) corresponds to the first interactions,
At the three lowest concentrations, the raw data presentedand the second ond-igure 4, inset, peak Ill), which is less
the same enthalpy change profile. Results are reporteure important and less sharp, corresponds to inter- and intramo-
4 for a protein concentration of 0.5 mgL~1. Unfortunately, lecular rearrangements after EGCG dilution. Indeed, after partial
we could not derive thermodynamic data from our system disruption of EGCG stacks, more EGCG molecules may be able
because of the complexity of the signal. Four phaségufe to interact with proteins in the mediunfigure 5). To check

4a—d) were observed during the titration. At the beginning of this hypothesis, reverse titration was achieved: EGCG was
the titration and until the EGCG/protein molar ratio reached a placed in the measurement cell and titrated by IB-5. In this case,
value around 10KRigure 4a), AHops increased. The binding  as the volume increase at each injection is low (less than 0.7%),
isotherm presented a sigmoid shape as if site saturation had beeBGCG dilution is negligible and engenders little enthalpy
reached. This signal shows that an interaction between EGCGchange. Successive heat absorption and release were not
and IB-5 took place. In the second phaég(re 4b), AHops observed (Supporting Information), confirming that these re-
was stable and slightly negative, therefore indicating a weak arrangements are a consequence of EGCG stack disruption.
exothermic phenomenon. In the third phaséggre 4c), a ITC data corroborated the existence of a three-stage mech-
complex shape was observed for the isotherm, with exothermicanism at low protein concentration. The first interaction phase,
peaks of increasing and then decreasing amplitude. The thresholdvhich has a sigmoidal shape on the enthalpy change profile,
to reach this third stage was dependent on protein concentratiorseems to correspond to the saturation of the protein interaction
(Table 1). This implies that the observed phenomenon does not sites taking place at EGCG/protein molar ratios above 10. Even
deal with protein saturation. Moreover when this stage was if several authors showed that other residues may be involved
observed (titration of IB-5 at 0.375 and 0.5 mg-m), the in the binding process between PRPs and polyphed6l26,
titration mix was always turbid at the end of titration, indicating 31), proline residues are usually considered as the main
extensive aggregation. This third phase was not observed forinteraction sites (1214,23,24). Among the 29 prolines of IB-

an IB-5 concentration of 0.25 mmL~! because of the low 5, seven residues are isolated while the other ones are present
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and EGCG after subtraction of EGCG signal (EGCG/protein molar ratio e e o iy
= 6) recorded in 100 mM NaCl. No aggregates
o _ _ _ Low High Protein
in eight “proline sequences” corresponding to a succession of concentration

several (2—5) proline residues (Figure 1). Because of steric Figure 7. Proposed mechanisms of interaction between IB-5 and EGCG.
hindrance, all the residues in the proline sequences may not begray circles represent EGCG molecules and bold lines represent 1B-5
able to interact with EGCG in the present case and the isolatedproteins. (O) Colloidal aggregates.
prolines situated near proline sequences may not either.
Therefore, saturation of the binding sites at 10 EGCG/protein replacing the negative shoulder. This corresponds to a higher
seems to be reasonable. NMR investigations are needed taextent of structure (disorder to order transitior§9) and
determine which amino acids are involved in PREGCG indicates that IB-5 secondary structure was modified upon
interactions and to get the exact saturation threshold. No EGCG binding.
aggregation occurred during this first phase, as shown by DLS  Thjs disorder-to-order transition has not been reported before.
(EGCG/protein<10). The second phase begins after saturation sjmon et al. 25) and Jobstl et al.2p), who also studied
of the protein sites and is likely to correspond to bridging of jnteractions between PRPs and tannins using CD measurements,
proteins by EGCG molecules. Even if the interactions sites are gig not observe any structural modification of the proteins.
saturated, EGCG molecules can also interact together (hydro-However, this is not in contradiction with present results. Simon
phobic stacks) and provoke protein aggregation. This phenom-g 5|, (25) used a flavan-3-ol dimer {Band a salivary proline-
enon leads to the formation of the metastable aggregates thatich peptide (IB-74). This peptide (14 amino acids) may have
were observed by DLS. The bell-shaped curve observed in thepeen too short to observe a conformational modification by a
last stage can be attributed to an enlarged aggregation, leadingiobal method such as CD. Nevertheless, molecular modeling
to turbidity. showed a conformational dynamic restriction of the peptide.
CD Experiments. Additional experiments at low IB-5  Since IB-7%4sequence is present three times in IB-5 with more
concentration and low EGCG/protein ratio were conducted to than 80% identity, the molecular modeling results are of interest
check the effect of EGCG binding on the protein secondary to understand IB-5 behavior and this dynamic restriction may
structure. IB-5 presents the characteristics of a natively unfolded be the initial process of the disorder-to-order transition that was
protein. It already has been assessed that unfolded peptides havehown here. Jobstl et al26) used dephosphorylated bovine
significant amounts of polytproline) Il helices (PPII) in the  B-casein, which is a 209 amino acid long protein that adopts
form of short helical regions (389) and that such preformed  an extended conformation after dephosphorylation. However,
structural elements could be of importance in partner recognition this protein contains less proline residues (16%) than I1B-7 or
when binding 40). Moreover, this kind of proteins may undergo  |B-5 (40%) and does not present tandem repeats in its sequence,
a folding process upon binding (381, 42). which can be of importance for the interaction mechanism and
The IB-5 circular dichroic spectrum (Figure 6) was consistent strength (2344). These tandem repeats may also be required
with natively unfolded protein nature39), as expected for  to observe the conformational transition.
salivary proline-rich proteins (21). This spectrum presented a  Proposed Interaction Mechanism between IB-5 and EGCG.
deep minimum near 200 nm and molar ellipticity close to zero The experiments that were conducted here allowed us to propose
in the vicinity of 222 nm. It resembles the spectrum of PPIl  a mechanism of interaction between EGCG and a full-length
helices that has a more pronounced minimum (approximately salivary PRP Figure 7). In conditions of low protein concentra-
—20000 deg-crrdmolt) than random coil ones—5000 tions, this mechanism is consistent with those proposed by other
degcn?-dmol?) (39). Nevertheless, it did not present a positive  authors for the interactions between denatured proteins/peptides
band in the region of 226230 nm, as expected for PPIl, and  and flavan-3-ols (2631). At low EGCG/protein ratios, EGCG
this absence reflected a higher extent of disorder compared tOprogressiver coats the protein but no aggregation occurs. At
that of PPII structure. higher ratios, EGCG bridges the coated proteins, which provokes
EGCG asymmetric carbon interacts with circularly polarized the appearance of aggregates in the medium. Still increasing
light, resulting in a non-null CD spectrum3). This spectrum  the molar ratio, the formation of numerous colloids or of large
was used as a control and subtracted from that of the EGCG/ones renders the solution turbid (haze formation). Additionally,
protein mixture. IB-5 CD spectrum was modified after addition a protein disorder-to-order transition was observed during the
of EGCG at an EGCG/protein molar ratio of 6 (ratio corre- first interaction phase. We also underlined an effect of IB-5
sponding to the first interaction stage determined by DLS and concentration on this mechanism. At high protein concentration,
ITC). A positive band appeared in the 21830 nm region EGCG bridges proteins well before saturation of the interaction
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sites, leading to aggregation from much lower EGCG/protein
ratios. The turbidity threshold is thus also significantly de-

creased. Previous works already evidenced that less tannin was
required to precipitate proteins from concentrated solutions than

from dilute ones (2945). This was attributed to intermolecular
cross-linking between interaction sites of adjacent proteins by
tannins, favored in concentrated protein solutions. Such an
influence of the protein concentration was also evidenced by
Poncet-Legrand et al2{) on poly(-proline)/flavan-3-ol mono-
mer model systems.

The effect of protein concentration on the mechanism of
interaction seems to point out the extreme adaptability of
salivary proline-rich proteins to improve human protection
against dietary tannins. Indeed, they may allow proteins to
scavenge most of the tannins in the mouth, preventing inhibition
of enzymes in the digestive track.

ABBREVIATIONS USED

CD, circular dichroism; DLS, dynamic light scattering;
EGCG, epigallocatechin gallate; ESI MS, electrospray ionization
mass spectrometry; ITC, isothermal titration microcalorimetry;
NMR, nuclear magnetic resonance; MALDI TOF, matrix-
assisted laser desorption ionization/time of flight; PPII, poly-
(L-proline) 1I; PRPs, proline-rich proteins; SAXS, small-angle
X-ray scattering.
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