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Abstract

The interaction of the cyanidin, pelargonidin, catechin, myrecetin and kaempferol with casein and
gelatin, as proline rich proteins (PRPs), was studied. The binding constants calculated for both
flavonoid-casein and flavonoid-gelatin were fairly large (10>-10” M™") indicating strong interaction.
Due to higher proline content in gelatin, the binding constants of flavonoid-gelatin (2.5 x 10°-6.2 x
10" M) were found to be higher than flavonoid-casein (1.2 x 10>-5.0 x 10’ M™"). All the flavonoids
showed significant antibacterial activity against the tested strains. Significant loss in activity was ob-
served due to the complexation with PRPs confirming that binding effectively reduced the concentra-
tion of the free flavonoids to be available for antibacterial activity. The decline in activity was
corresponding to the values of the binding constants. Though the activities of free catechin and
myrecetin were higher compared to pelargonidin, cyanidin and kaempferol yet the decline in activity
of catechin and myrecetin due to complexation with casein and gelatin was more pronounced.
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Introduction

Polyphenols constitute one of the most numerous and
ubiquitous groups of plant metabolites in all plant organs
and thus are an integral part of both human and animal di-
ets. Two reasons for the increasing interest of nutritionists,
researchers and food manufacturers in polyphenols are (i)
the recognition of their antioxidant properties and their po-
tential utility in chemoprevention of various diseases asso-
ciated with oxidative stress, such as cancer, cardiovascular
and neurodegenerative diseases (Kuroda and Hara, 1999;
Heim et al., 2002; Ramassamy, 2006; Ferrazzano et al.,
2011) and (ii) their deleterious effects caused by their abil-
ity to bind and precipitate macromolecules, such as diges-
tive enzymes, and also dietary proteins and carbohydrates,
thereby modulating their digestibility (Hara and Honda,
1990; Charlton et al., 2002; Chauhan, 2007; He et al., 2007,
McDougall et al., 2009; Zhang et al., 2010).

For a given polyphenolic structure, the ability to bind
and precipitate different proteins may vary considerably.
Likewise a protein molecule may show varying order of af-
finity for different polyphenols. The proline-rich proteins
(PRPs) possess very strong affinity for polyphenols
(Mehansho et al., 1987). This high relative affinity supports
the formation of stable polyphenol - PRP complexes which
may be crucial in preventing polyphenols from binding to
digestive enzymes and food proteins (Hagerman and But-
ler, 1981; Lu and Bennick, 1998).

The proline rich proteins in food - gluten, gelatin and
B-casein have been found to modulate the properties of
polyphenols and cause changes in the nutritional status of
the food (Kawai et al., 2003). Tea possesses strong antioxi-
dant properties (Khan and Mukhtar, 2007), in vitro and in
vivo, which are affected by addition of milk (Hasni ef al.,
2011). Similarly, consumption of dark chocolate rich in
epicatechin, but not the milk chocolate, increases the anti-
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oxidant capacity of human blood plasma (Serafini et al.,
2003).

Likewise the interaction of polyphenols with enzy-
mes may significantly alter their activity, leading to change
in expected energy that could be derived from a complex
food and some other important consequences. For instance
o-amylase inhibitors isolated from wheat (Feng et al.,
1996) and white bean (Carmona et al., 1996) significantly
reduced the peak of postprandial glucose in healthy and
type 2 diabetic subjects. Low molecular weight plant-
derived molecules such as luteolin, strawberry extracts, and
green tea polyphenols have also been shown to inhibit
a-amylase or reduce postprandial hyperglycemia.

Antimicrobial and antioxidant activity of the poly-
phenols is well documented (Naz et al., 2006; Naz et al.,
2007). The evaluation of antioxidant power of wine ex-
tracts revealed radical scavenging property with a good
correlation between antioxidant activity and polyphenolic
content values. The extracts also exhibited activity against
a broad range of food-borne microorganisms (Tenore e? al.,
2011). The antimicobial activities of some tropical fruits in-
cluding Grewia asiatica, and Carrisa carandas have been
proved and associated to their polyphenolic compounds
(Siddiqi et al., 2011). Also, the interactions of polyphenols
with various proline rich proteins have been studied with
reference to its probable role in sensation of astringency
(Luck et al., 1994), altering antioxidant capacity of food
(Arts et al., 2001), nutrient absorption and reducing en-
zyme inhibition (He ef al., 2007). The effect of these inter-
actions on the health benefits of polyphenols and on the
properties and functions of the gluten, casein, and gelatin
need to be more focused as neutraceutical claim for a food
may drastically change due to these interactions. Among
different subclasses of phenolic compounds, flavonoids
have gained more attention as compared to others, the rea-
son being diversity in structure, molecular weight, size,
function and impact on health. In the present study, initially
the interaction of various flavonoids with casein and gelatin
was studied and then the effect of these interactions on the
antimicrobial activity of the polyphenols was evaluated.

Materials and Methods

The flavonoids-catechin, myrecetin, pelargonidin,
cyanidin and kaempferol were purchased from Sigma
Chemical Co., while the casein and other chemicals were of
reagent grade and used as supplied by Merck.

Preparation of flavonoid-protein complexes

500 pg/mL solutions of both gelatin and casein in
0.1 M potassium dihydrogen phosphate buffer were pre-
pared. The protein concentration was determined spectro-
photometrically using the extinction coefficients at 280 nm
(Pace et al, 1995). The flavonoid solutions
(0.5-500 pg/mL) prepared in (20/80%) ethanol/water mix-
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ture were added dropwise to each of the proteins solution
with constant stirring to achieve the final flavonoid concen-
trations 0f 0.25, 2.5, 25 and 250 png/mL and with a final pro-
tein concentration of 250 pg/mL (flavonoid/protein molar
ratios 0f 0.001, 0.01, 0.1 and 1). The pH of the solution was
adjusted to 6.9-7.2 using Metler Toledo.

Absorption spectroscopy

The UV-Vis spectra of the flavonids and the above
flavonoid-protein complexes (F-P complexes) were recor-
ded on UV-Vis spectrophotometer and the values of the
binding constants K were calculated as described (Ste-
phanos, 1996; Zhong et al., 2004; Kanakis et al., 2006).

Determination of antimicrobial activity

Six different ATCC bacterial cultures were used to
test the antimicrobial activity of the flavonids and F-P com-
plexes. These cultures were maintained on Mueller Hinton
agar medium at 4 °C. The preparation of Mac Farland Tur-
bidity Standard, preparation of inocula and its adjustment
to 0.5 Mac Farland Standard (10° colony forming units
(CFU) per mL), and antibacterial assay was followed as de-
scribed (Siddiqi et al., 2011) except that for antibacterial
assay 100 pL of each of the flavonoid and F-P complex (in
the flavonoid/protein molar ratio of 1) was used. Antibacte-
rial effects of these were also compared with 100 pL of the
standard drugs - Ampicillin and Streptomycin (each
1 mg/mL), as positive control and (20/80%) ethanol/water
mixture as negative control. Each assay in this experiment
was performed in triplicate.

Statistical analyses

All of the experiments were performed in triplicate,
and the data were expressed as the mean + SEM. Effect of
binding of gelatin and casein on the antibacterial activity of
the flavonoids was analyzed for significant differences us-
ing one-way analysis of variation (ANOVA) followed by a
Bonferroni test for multiple comparisons using
Originlab 8.0.

Results and Discussion

All flavonoids displayed substantial antibacterial ac-
tivity against all the Gram-positive and Gram-negative
ATCC strains (Table 1). The activity of the fractions was
higher against Gram-positive strains than Gram-negative,
the reason being the presence of an additional layer of lipid
in the cell wall of Gram-negative strains which acts as per-
meability barrier and reduces the uptake of the fractions in
the cell.

For a given bacterial strain, the difference in the anti-
bacterial activity of the fractions was quite significant
(p <0.05) except between catechin and myrecetin, the order
being catechin > myrecetin > kaempferol > pelargonidin >
cyanindin. The difference in activity of the flavonoids due
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to structural variations has already been worked in several
previous studies (Naz et al., 2006; Naz et al., 2007; Siddiqi
et al.,2011). The relative activity difference is mainly con-
cerned with the degree of hydroxylation, nature of
substituent groups attached to B and/or C ring and their
hydrophilicity or charged structure determining their abil-
ity to access the bacterial membranes. In contrast to gram
positive bacteria, the cell wall of Gram-negative species
contains lipopolysaccharides (which repels hydrophobic
compounds) and a unique protein called porin which does
not allow the migration of large hydrophobic molecules.

The higher antibacterial activity of catechin (a fla-
vanol) compared to myrecetin and kaempferol flavonols) is
attributed to their fact that higher degree of hydroxylation
(Waterhouse, 2001) and the least activity of the antho-
cyanins (cyanidin and pelargonidin) among the three clas-
ses of flavonoids may be attributed to their positively
charged oxygen, making them inaccessible to the lipophilic
cell membranes of gram positive species. Also the porin is
selective to small hydrophilic molecules and ions (Fig-
ure 1).

Significant loss in activity was observed (p < 0.05)
due to the complexation with casein and gelatin confirming
that strong binding with these proteins effectively reduced
the concentration of the free flavonoids to be available for
antibacterial activity. The decline in activity due to com-
plexation which has been demonstrated by the decline in in-
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hibition zone of the free flavonoids (Table 1) was corre-
sponding to the values of the binding constants of the com-
plexes.

The UV spectra and values of binding constants for
flavonoid complexes with casein and gelatin are depicted in
Figure 2 and Table 2 respectively. The binding constants
were fairly large indicating a strong interaction/affinity of
flavonoids with these proteins. The values were higher than
those calculated for flavonoid-HAS complexes (Kanakis et
al., 2006) supporting stronger interaction of flavonoids
with PRPs than with non PRPs. The binding constants of
flavonoid-gelatin complexes were found to be higher than
flavonoid-casein complexes (Table 2) which may be ex-
plained on the basis of higher % proline (16%) in gelatin
compared to casein (~1.7%). This extraordinary binding
ability of PRPs like casein and gelatin is assumed to be as-
sociated with restricted mobility of proline in them and
therefore relatively low entropy even before binding. Thus
binding leads to a small change in entropy and overall
greater binding energy. In addition to this, proline has a
large flat hydrophobic surface which makes it a very good
ligand for other hydrophobic surfaces such as aromatic
rings of polyphenols (Williamson, 1994).

The higher binding constants of complexes with
cyanidin compared to pelargonidin relates to the higher de-
gree of hydroxylation in B ring of cyanidin and so of the
myrecetin as compared to kaempferol. Besides the fact that

kaempferol

Figure 1 - The higher antibacterial activity of catechin (a flavanol) compared to myrecetin and kaempferol flavonols) is attributed to their fact that higher
degree of hydroxylation (Waterhouse, 2001) and the least activity of the anthocyanins (cyanidin and pelargonidin) among the three classes of flavonoids
may be attributed to their positively charged oxygen, making them inaccessible to the lipophilic cell membranes of gram positive species.
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Table 1 - Antibacterial activity of the Flavonoid and flavonoid-protein complexes at flavonoid concentration of 250 pg/mL and flavonoid to protein ratio of 1:1.

Zone of inhibition (mm)

Flavonoid/complexes B.subtilis S.aureus C.botulinum E.coli P.aeruginosa S.typhi

cy" 15+0.80 17+ 0.80 13+ 0.45 12+0.23 10+0.11 12+0.10
Cy-C™ 8+0.45" 7+1.02° 9 +1.00 74045 8+1.00" 7+0.28"
Cy-G' 8+0.78" 740.56° 740.75 740.50" 740.60" 8+0.34"
Pg* 20+0.34 224021 18 +0.55 17+0.28 16+1.2 18 +0.45
pg-C* 15+1.7 15+1.01 134023 12+0.55 11+0.80 124043
Pg-G* 8 +0.54 7+1.04 8+0.56 8 +0.45 84034 8+0.34
ct® 3440.60 324045 31+0.60 29+0.28 284025 30+0.78
Ct-C* 26+0.78 25+0.98 22+0.90 20412 19+1.0 18+1.1
Ct-G* 1741.0 14+12 12+1.0 12+1.0 10+£1.0 9+1.2

My™* 30+0.5 30+0.8 29+0.50 28 +0.56 25+0.57 28 +0.50
My-C* 20+0.98 19 +1.04 18+0.76 18+1.5 17+0.34 21+0.6
My-G* 12+1.0 11+1.01 10+0.44 10+0.9 9+0.22 1240.55
Ka™ 25+1.2 26+ 1.5 25+1.0 22+12 21+15 23+0.9
Ka-C® 15+1.5 16418 14+ 1.0 16+1.5 14+0.49 15405
Ka-G* 10+ 0.66 940.76 7+0.59 9+0.9 8 £0.65 8+0.44

Cy(cyanidin), Pg(pelargonidin), Ct(catechin), My(myrecetin), Ka(kaempferol), -C (casein complex, -G(Gelatin complex).
Data were expressed as mean =+ standard deviation of 3 replicates. For each flavonid the differences in values between the columns a,b and ¢ were signifi-
cant (p < 0.05) except between 1b and Ic where (*) indicates no significant difference.
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Figure 2 - UV Spectra of flvonoid-gelation and flavonoid-casein complexes (a) pure cyanidin (Cy) and complexes (b) pure pelargonidin (Pg) and com-
plexes (c) pure catechin (Cat) and complexe (d) pure myrecetin (Myr) and complexes.
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Table 2 - Binding constants (K) of the Flavonoid-casein and flavo-
noid-gelatin complexes at different flavonoid concentrations of 0.25, 2.5,
25 and 250 pg/mL and with a final protein concentration of 250 pug/mL.
Data expressed as mean * standard deviation of 3 replicates. Values within
the same column and same row were significantly different (p <0.05). (¥)
means no significant difference.

Flavonoids Binding constants (K) for F-P complexes (M'l)
Casein Gelatin
Cyanidin 5.0%0.56 x 10’ 6.2+0.45x 107
Pelargonidin 4.1+0.54x 10’ 5.1+0.53x 10’
Catechin 24+023x10° 32+021x10°
Myrecetin 1.2+0.09 x 10 2.0+0.05x 10°
Kaempferol 1.2+0.07 x 10°* 2.5+0.04x 10°

the amide group in proline is replaced by a CH, group and
hence it is unable to act as a hydrogen bond donor, it is a
very good hydrogen bond acceptor and it is this property
which causes them to possess more affinity for molecules
with a greater degree of hydroxylation.

Though the activities of free catechin and myrecetin
were higher compared to pelargonidin, cyanidin and
kaempferol yet the decline in activity of catechin and my-
recetin due to complexation with casein and gelatin was
more compared to others (Table 2) which supports the fact
that degree of hydroxylation in B ring of the flavonoids is
not only one of the major factors determining the anti-
microbial activity but also one of the important criteria of
predicting the binding affinity of the flavonoids for PRPs.

The study may be helpful in predicting, formulating
and designing the antimicrobial drugs with maximum po-
tential by elucidating the probable losses of the effective
concentrations of the antimicrobial agents
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