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Effect of Pyoverdin Il on lipid peroxidation in milk by high performance
liquid chromatography
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ABSTRACT

Lipid peroxidation with iron-catalyzed deteriorates milk, resulting in malondialdehyde (MDA).
The detection of MDA was done by derivatization with 2-thiobarbituric acid (TBA) prior to analysis by
high-performance liquid chromatography with fluorescence detection, Kex at 532 nm and Kem at 552 nm.
Mobile phase was a mixture of 10 mM phosphate buffer (pH 7.0) and methanol at ratio of 60:40 (v/v)
with flow rate of 0.8 mLmin-1. A linearity relationship (r*) between peak height and MDA concentration
range of 0.5-5.0 UM was 0.9950. This method was applied to detect MDA in different types of milk
samples and studied to determine quality of milk. The effect of pyoverdin II obtained from Pseudomonas
aeruginosa TISTR 1467, which is high affinity for iron (IIT), on lipid peroxidation in milk was studied.

The results showed that pyoverdin II has effect on lipid peroxidation in milk samples
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Introduction

Siderophores are natural, low molecular
weight compounds with high iron (III) chelating
affinity constants (10**-10°> M) that are
responsible for solubilization and transportation of
iron (III) into bacterial cells (Mucha, Rekowski
and Kosakowska et al., 1999). They are generally
synthesized and secreted by microorganisms in iron
limitation conditions, which present unique
chemical and physicochemical properties.
Siderophores contain the most efficient iron-
binding ligand types in nature, consisting of
hydroxamate, catecholate or hydroxycarboxylate
ligands that can form hexadentate Fe (III)
complexes, satisfying the six coordination sites on
ferric ions (Enyedy, Po’csi, and Farkas, 2004).
Pyoverdin, the major endogenous siderophores,
possesses a chromophore derived from 2, 3 - diamino
- 6, 7-dihydroxyquinoline that confers color and
fluorescence to the molecule, linked to a partly
cyclic octapeptide. The peptide differs among strains
by number, composition, and configuration of amino
acids. Pyoverdin is a very water-soluble molecule
and a powerful chelator of ferric iron, which is bound
with a stoichiometry of (1:1) and a stability
constant of approximately 10** M at neutral pH.
Although more than 50 different pyoverdins or
pyoverdin-like siderophores have been structurally
characterized, the iron- chelation properties have
been studied for only a few pyoverdins (Boukhalfa,
Reilly and Michalczyk et al., 2006).

Iron is required for many biological
processes, including oxygen distribution, electron
transport and DNA synthesis. Iron in excess,
however, is toxic, due to its catalysis of one-
electron redox reactions, the most reactive product
of which is the hydroxyl radical, which damages
proteins and lipids (Buss, Neuzil and Ponka, 2002).

Lipid peroxidation is a well-established
mechanism of cellular injury in both plants and
animals, and is used as an indicator of oxidative
stress in cells and tissues (Schafer, Qian and
Buettner, 2000). The most commonly used
criteria for occurrence of oxidative stress are those
based either on determination of the concentration
of lipid oxidation products in body fluids, or on the
susceptibility of lipids to peroxidation induced,
either by transition metal ions or by generators of
free radicals (Emerit, Beaumont and Trivin, 2001).
Lipid peroxidation is a factor in numerous
pathologies, including inflammation. Therefore,
udder inflammation or mastitis was shown to relate
to lipid peroxidation in milk. Mastitis is caused by
bacterial invasion into the udder, the so-called
intramammary infection (IMI) (Suriyasathaporn,
Vinitketkumnuen and Chewonarin et al., 2004).
Foods with high content of polyunsaturated fatty
acids (PUFA) are more susceptible to lipid
peroxides have been measured in milk (Fenaille,
Mottier and Turesky et al., 2001). Lipid

peroxidation with iron-catalyzed is one of the

main factors of milk quality deterioration during
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processing and storage. Human and cow’s milk
are relatively low in Fe ranging from 0.2 - 0.8
mgL-1, but it is highly bioavailable mainly in
human milk (Aleixo and N?brega, 2003). Milk is
fortified with iron to prevent iron deficiency anaemia,
through its catalytic role in Fenton reaction,
(equation below) and through formation of ferryl/
perferryl radicals and lipid peroxides. Then iron is

a known generator of free radicals (Almass, Rootwelt

and yasater et al., 1997).
Fe* +HO [ OH + OH +Fe”

In previous studied, it was presented the effect of
siderophore produced by Pseudomonas putida on
iron-catalyzed lipid peroxidation in plasma, and
it was found that malondialdehyde (MDA) was
used as indicator of iron quantity in plasma
(Sutthiparinyanont, Ruangviriyachai and Priprem
et al., 2005).

MDA, the secondary product of lipid
peroxidation is one of the most frequently used as
indicator of the peroxidation reaction. MDA has been
measured by the 2-thiobarbituric acid (TBA)
method. The reaction of TBA with products of lipid
peroxidation such as hydroperoxide and conjugated
aldehydes interferes with TBA. This method
involves two molecules of TBA and one
molecule of MDA (pink color product) which can
then be determined spectrophotometrically at
532-535 nm. The major problem in this method
is the lack of sensitivity (Karatas, Karatepe and
Baysar, 2002). The method is done by separation
and measuring MDA-TBA product using high
performance liquid chromatography (HPLC)

with fluorescence detector.
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The purpose of this study was to compare
the MDA content in different types of milk samples.
Moreover, the purified siderophore produced by
Pseudomonas aeruginosa TISTR 1467, pyoverdin
II was used to study their effect on iron in milk.
Thus, pyoverdin II is a chelating agent that to be
strong specificity and affinity with ferric ion.
The effect was analyzed by MDA using

reverse—-phase HPLC with fluorescence detection.

Materials and Methods

Microorganism

Bacterial strain Pseudomonas aeruginosa
TISTR 1467 was purchased from the Thailand
Institute of Scientific and Technological Research
(TISTR), Bangkok, Thailand for this study.

Chemicals and Instruments

The reagents such as hydrochloric acid,
magnesium sulfate heptahydrate, potassium
di-hydrogen phosphate and potassium hydroxide
were obtained from Carlo Erba (Italy). Di-sodium
hydrogen phosphate, methanol and pyridine were
obtained from Merck (Germany ). Methanol (HPLC
grade) was also bought from Lab Scan (Ireland).
Iron (III) nitrate AAS standard from Spectrosol
(Australia), 2-thiobarbituric acid (TBA),
L-asparagine anhydrous and trichloroacetic acid
(TCA) were purchased from Fluka (Switzerland).
2, 6-di-tert-4-methyl phenol (BHT) and 1, 1,
3, 3- tetracthoxypropane (TEP), were purchased
from Sigma (USA). Raw milk samples were
collected from some cows in farm at Department
of Animal Science, Faculty of Agriculture,
Khon Kaen University, Thailand.

Equipments used were, as follows:
Ridge, USA),

the lyophilizer (Stone
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spectrospectrofluorometer (Shimadzu RF-5301PC,
Japan), microcentrifuge (Model Centurion
Scientific 1010, Centurion Scientific Ltd.,
England). Atomic absorption spectroscopy (AAS)
analysis was carried out on AAS Perkin Elmer
system with AAanalyst 100 and Fe hollow cathode
lamp, HPLC analysis was carried out on WATERS
system with WATERS 600 HPLC pump equipped
with WATERS 2475 Multiwavelength fluorescence
detector. The column was Microsorb-MV100 C18
(150 x 4.6 mm i.d., 5 um, Varian, USA).

Isolation and purification of Pyoverdin II

Bacterial strain Pseudomonas aeruginosa
TISTR was used to produce pyoverdin II. For
isolation and purification, Amberlite XAD-4 resin
and BioGel P-2 gel columns were used.
(Ruangviriyachai, Ferndndez and Fuchs et al.,
2001).

Determination of stoichiometric ratio of
iron and pyoverdin II

The concentration of pyoverdin II was fixed
at 0.10 WM whereas ferric ion was varied from
0.00 to 1.00 WM. Analyzed by Job’s method
using fluorescence intensity was recorded by
spectrofluorophotometer over the range of
emission wavelength at 300-700 nm, constant
exitation wavelength of 400 nm.

Determination of iron in milk using
atomic absorption spectrophotometry (AAS)

Iron (III) nitrate AAS standard was
used for a series of standard iron (0.5, 1.0 and 1.5
Wg/mL). Precipitation of milk protein was done
by adding 109 trichloroacetic acid into milk
samples, homogenization and after 24 hours.
The milk sample was then filtered through

Whatman No.42 filter paper (Silva, Lopes and
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Nobrega et al., 2001). The iron content in the
samples was analyzed by AAS at 248.3 nm using a
hollow cathode lamp operating at 30 mA, a slit
of 0.2 nm, and an acetylene-air-flame. The
experiment was repeated in triplicate and
compared with a standard addition method.
Determination of MDA and effect of pyoverdin II
on MDA in milk samples using RP-HPLC with
fluorescence detection

Preparation of MDA-TBA2 standard

MDA standard was prepared by acid
hydrolysis (0.1 mol L™" HCl) of 1,1,3,
3-tetraecthoxy propane (TEP). All working
standard solution were freshly prepared (Karatas,
Karatepe and Baysar, 2002). The linearity of the
response for different concentrations carried out of
the MDA standard was 0.5, 1, 2, 3 and 5 UM for
the MDA—TBA2 complex.

Preparation of MDA—TBA2 and effect of
pyoverdin II on MDA—TBA2 in milk samples

1 mL milk sample or MDA standard mixed
with 1%TBA in 5% trichloroacetic acid (TCA).
0.8% BHT in methanol was homogenized and
centrifuged. Heating at 80°C for 1 hour, the
supernatant was cooled, centrifuged and filtered,
then analyzed by RP-HPLC. The mobile phase
was 10 mM phosphate buffer (pH 7.0): methanol
(60:40, v/v) at a flow rate of 0.8 mLmin .
The fluorescence intensities of the resultant
MDA-TBA2 complexes were determined using
HPLC with fluorescence detection, kex at 532 nm
and )»em at 552 nm. The effect of pyoverdin II
on lipid peroxidation was also carried out by
addition with 2 Wg/mL of pyoverdin II into the
milk samples and then analyzed as method

mentioned above.



26

Results and discussion

The structural elucidation of pyoverdin II
(as shown in Figure 1) obtained from the purified
of siderophore, its structure was identified by
spectroscopic methods at Department of Organic
Chemistry, University of Cologne, Cologne,
Germany. It is found that this Pyoverdin II is
comprised of a peptide chain and a fluorescent
multifunctional chromophore, 2, 3-diamino-6,
7-dihydroxyquinoline. Amino acid analysis
established the presence of L-Gly, L-Phe, L-Orn,

L-Lys, L-Tyr plus succinic acid.

Gly
L-Thr /f” =g OO
('H\ .
D-aThr n,ft 5“-\((} OH
H HN \ J D-Ser

\ 0
OH
Hilw ¥
Gly N—~cH-c—™
L D-cOHOm
OH
D-Ser

Figure 1 Structure of pyoverdin II (Fernandez,
Fuchs and Taraz et al., 2001)

The fluorescence intensity of pyoverdin II-
ferric complexes was plotted versus the mole
fraction of siderophore and ferric ion as shown in
Figure 2. The results showed one molecule of the
pyoverdin II chelate one molecule of ferric ion or

ratio 1:1, as the same as the review reported.
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Figure 2 Stoichiometric ratio of complexation

between iron (III) and pyoverdin II

According to the iron quantity in milk
samples using AAS, the iron content in milk
samples was found in the concentration range of
0.16-4.65 ugmL™' (Table 1). The difference in
iron content might be due to some factors such as
milk processing, diet and health of cow (Bermejo,

Dominguez and Bermejo, 1997).

Table 1 The iron contents found in milk samples

Average content

Milk samples of iron in milk

(ug mL™)

UHT milk 1.08
Pasteurized milk 0.82
Powder infant formulas 4.65
Raw milk (mastitis 1) 0.60
Raw milk (mastitis 2) 1.10
Raw milk (normal 1) 0.48
Raw milk (normal 2) 0.62
Raw milk (normal 3) 0.16
Raw milk (normal 4) 0.76
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Figure 3 shows the chromatogram with a
single peak of MDA—TBA2 complex under our
HPLC optimum conditions, the retention time of
the MDA—TBA2 complex was about 3.9 min.

Minutes (min)

Fluorescence Intensity ( FT)
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Figure 3 Chromatogram of MDA—TBA2 standard
solution using fluorescence detection

(Kex at 532 nm and Xem at 552 nm)

Standard calibration graph was constructed
by plotting between peak height and concentration
of MDA ranging from 0.5-5.0 UM. From the
graph as shown in Figure 4, good correlation
coefficients (r = 0.99) were obtained in the

concentration range studied.

1.20E405
_ 100E+05
508.00E+04
= 6.00E+04
S 4.00E+04
= 2.00E+04
0.00E+00
0051152 253 35 4 45 5

MDA concentration (uM)

y=19283x + 12416
R?=0.9950

Figure 4 Linearity of MDA standard (0.5-5.0 UM)
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The results showed the relation between
the MDA concentration and the iron content in milk
samples. In mastitis milk, MDA concentrations were
higher than that in milk from normal cows.
Thus, udder inflammation might be related
to lipid peroxidation in milk. The purified
pyoverdin II was then used to study the effect on
iron-catalyzed lipid peroxidation in milk. MDA in
milk samples with and without addition of pyoverdin
II was determined by this method. In Figure 5,
the MDA concentration decreased in the presence
of pyoverdin II. It was found that pyoverdin II
can reduce the lipid peroxidation in milk samples

due to the complexation of pyoverdin II with iron.
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Figure 5 Effect of pyoverdin II on MDA analysis

in milk samples

Conclusions

In this study, the effect of pyoverdin II
on iron-catalyzed lipid peroxidation in milk was
determined by HPLC with fluorescence detection.
The result showed that the pyoverdin II produced
by Pseudomonas aeruginosa TISTR 1467 can

propably reduce MDA concentration in milk
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samples. In addition, this method might be useful

for estimating the quality of milk.
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