Metabolomics of extracts and biomolecules of Palmaria palmata
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INTRODUCTION

OBJECTIVES

METHODOLOGY

Palmaria palmata (Figure 1), known in Japan as Dulse, is
seaweed of the Rhodophyta phylum, very common in the
North and Northeast of the Atlantic Ocean. Some of its
bioactivities have been described as antidiabetic and
inhibitor of the angiotensin-converting -enzyme, attributed
to proteins such as phycoerythrins and protein
hydrolysates. Extracts of P. palmata (Iceland and Canada)
with MAAs have been studied in antiproliferative
bioactivities and essays with HeLa cells, antioxidant
capacity, photoprotective properties and anticolagenase.
The biosynthesis of MAAs may proceed from the pentosephosphate pathway, or from the shikimic acid pathway.
They are secondary metabolites that appear in ecosystems
with high incidence of sunlight, so their intrinsic function is
photoprotective against UVB + UVA radiation. MAAs have
antioxidant bioactivity to remove oxygen free radicals,
which could reduce photosensitizing effects and lipid
peroxidations.
The references are scarce regarding P. palmata from
Galicia and Spain.

The main objective of this study is the characterization of biomolecules of
extract of Palmaria palmata from the Galician Atlantic region (Spain),
establishing the possible presence of mycosporin-like amino acids (MAAs),
using liquid chromatography methods for the separation of each
biomolecule, and mass spectrometry for its structural identification.
The specific objectives of this study were:
- Obtain extracts of P. palmata in solvents with different polarities.
- Purify partially biomacromolecules from aqueous extracts.
- Select the extract with better photoprotective and antioxidant
properties.
- Optimize high performance liquid chormatography (HPLC) analysis,
and achieve optimal resolution between the peaks of the extract.
- Identify the main biomolecules by mass spectrometry.
- Determine the concentrations of the main MAAs present in the extract.

The seaweed was collected in Galicia and purchased dried and
stored in vacuum. Sequential solid / liquid extractions were
carried out with liquids of more hydrophilic to more hydrophobic:
water, 50% ethanol, 100% ethanol and hexane.
First, the seaweed was ground by impact mill, and then it was
homogenized with Polytron PT 2500 E homogenizer with ten
cycles of 60”/60” of homogenization and rest. Next, the
solid/liquid phases were separated by preparative centrifuge
during 30 min, at 4 ºC and a relative centrifugal field (RCF) of
48384 x g was used. Aqueous extract was processed in
manual chromatography of coarse-grained gel filtration with
Shephadex Gel G25. Finally, the extracts were concentrated in
vacuum with rotavapor and lyophilization.
The optical measurements were made in spectrophotometer
Perkin-Elmer Lambda 35, spectrofluorimeter Perkin Elmer LS55
and plate readers Molecular Devices Spectramax 340PC and
Molecular Devices Gemini XPS to measure antioxidant
bioactivity. Three Agilent HPLC were used for the analysis,
preparation and identification of biomolecules, UHPLC 1200
RR, HPLC 1200 BS with fraction collector and HPLC ESI-MSQTOF 6550, respectively, all with a C18 25 cm x 4.6 mm x 5
µm column.

Figure 1. Palmaria palmata.

RESULTS AND DISCUSSION

FIGURE 2. Extracts EWE, EW, EE y EH (left to rigth)

Obtaining extracts. Four samples of the sequential extraction were obtained using the solvents previously mentioned
(Figure 2).
The aqueous extract was processed to gel filtration chromatography (GFC), thus the biopolymers and proteins were
separated from simple biomolecules. Then, absorbance spectra of each of the fractions were made. After the dead
volume, starting Fraction-4 (Figure 3), a gradual increase of absorbance at 280 nm was observed, indicative of the
presence of proteins. In successive fractions the absorbance increased to 320 nm, characteristic of the presence of
MAAs.F13-F32 fractions were collected, with the maximum concentration of possible MAAs, for the following studies.
The extracts were finally concentrated in vacuum.

Photoprotector bioactivity. Absorbance spectra of the concentrated extracts were made. The highest
absorbances at 320 nm, characteristic of MAAs, were detected in the EW2 and EWE extracts (Figure 4).
The fluorescence emissions of the concentrated extracts were measured with excitation at 320 nm (Figure 5).
The EW2 had the highest fluorescence intensity, with maximum at 420 nm, followed by the hydroethanolic
extract.
Therefore, it was the aqueous extract that revealed greater absorbance at 320 nm (UVB + UVA), which caused
high fluorescence emission. Both properties promote its potential bioactivity as a natural photoprotector in sun
creams, protecting the epidermis from UVB radiation (against burns), and the dermis of UVA radiation (against
premature aging and skin cancer).

FIGURE 3. Absorbance spectra. Fracciones 1–10 (1:100).

Antioxidant bioactivity. The antioxidant bioactivities of our extracts were evaluated by
methods appropriate for oxygen free radicals (ORAC) and nitrogen (ABTSR).
In the ORAC method, the AAPH at 37 °C forms an excess of peroxyl radical that oxidizes
fluorescein to a non-fluorescent species. In the presence of increasing antioxidant, the
oxidation and loss-fluorescence is retarded.
In the ABTSR method, the colorless ABTS previously oxidized by potassium persulfate to
its bluish radical ABTSR, which discolours when the antioxidant concentration increases.
The bioactivities were expressed in TEAC units, antioxidant capacity with respect to Trolox,
standardized in mg of Trolox per g of extract.The aqueous extract had the highest
antioxidant bioactivity in both methods (Table 1).
TABLE 1. Antioxidant bioactivities of P. palmata extracts.

Extract

FIGURE 4. Absorbance spectra of the extracts (1: 100) EW2, EWE,
EE and EH. Amplification of absorbance bands at 400 and 660 nm.

FIGURE 6. Chromatograms of the EW2 and
EWE extracts with absorbance detection at
320 nm.

ABTSR
(mgTx/gE)

EW2

6.73 ± 0.62a

1.36 ± 0.12a

EWE

4.14 ± 0.50b

1.14 ± 0.06b

EE

3.92 ± 0.39b

0.10 ± 0.04c

EH

2.53 ± 0.34c

0.39 ± 0.06d

FIGURE 5. Fluorescence emissions of extracts (1: 500)
of P. palmata.

FIGURE 7. Extended chromatogram section in
A320 identifying the collection times of
fractions.

ORAC
(mgTx/gE)

Liquid-partition chromatography. HPLC chromatographies were performed to detect biomolecules with absorbance and
fluorescence. The absorbance at 320 nm, characteristic of MAAs, was especially considered for the optimization of
chromatographic conditions.
The highest levels of absorbance at 320 nm were observed in the isocratic step of the mobile phase. Exciting at 320 nm,
maximum fluorescence emissions were detected between 420 - 440 nm, also related to MAAs. The chromatogram of the
aqueous extract showed areas of peak 60% higher than 50% ethanol extract (Figure 6), due to its higher content in
possible MAAs.
Consequently, the following experimental studies have been carried out with the aqueous extract of P. palmata, due to its
high photoprotective and antioxidant bioactivities, and its higher content in possible MAAs.
In HPLC-Preparative, the method was optimized until achieving a good resolution between contiguous peaks, and
minimum development times of the chromatograms. A fraction collector recovered the main signals (Figure 7).
U-HPLC. Sample 1 mL. Flux 1 mL/min. Gradient (%, t min): 0, 0 –
4; 0 – 100, 4 – 9; 100, 9 – 12.

HPLC-Preparative. Sample 2 µL. Flux: 1 mL/min. Gradiente
(%, t min): 0, 0 – 4; 0 – 100,
4 – 14; 100, 14 – 17.

Mass spectrometry
The sample EW2 was analyzed in an HPLC chromatograph with mass spectrometry detector, equipped with electrospray ionization (ESI), and with two analyzers, quadrupole (Q) and time of flight (TOF). A
mobile phase was used with positive ionization environment with formic acid (Figure 8).
Seven MAAs present in our aqueous extract are identified: shinorine, palitine, mycosporin-methylaminserine, mycosporin-methylaminglycine, porphyra-334, asterine and palithinol.
The proportions of MAAs in the aqueous extract of P. palmata were calculated considering response factors equal to the unit for all mycosporins, with the peaks of the chromatogram of total ions (TIC) and
ions extracted (EIC). These experimental results were contrasted with the biosynthetic pathway of MAAs in seaweed, identifying the origin of all of them.
Absorbance spectra of the different fractions were made in preparative HPLC, checking the maximum wavelengths of the different MAAs obtained. By molar absorptivities (e) of the literature, at their
respective máximum absorbance, the concentrations (mM) of the MAAs identified in the aqueous extract of P. palmata were calculated (Table 2). In addition, the values obtained from fractions P2 and P5,
with higher percentages of purity, and with the starting biomass for the aqueous extract were used to estimate the approximate proportions of Palithine and Porphyra-334 in P. palmata: 4 ppm and 1 ppm
(Table 3), respectively.
FIGURE 8. Total ion chromatogram TIC LC-MS-QTOF in
positive ionization medium with formic acid from the aqueous
extract of P. palmata.

TABLE 2. Approximate concentrations of the main MAA present in the
aqueous extract of P. palmata

MAAs

MH+
m/z

l

e

(nm) (M-1 cm-1)

[MAAs] [MAAs]
(mM)

Shinorina

333,1292 332

44700ª

4.37

Palitina

245,1132 320

36200b

45.49

MycMeAmSer 289,1394 320

36200

15.79

MycMeAmGly 259,1288 323

36200

5.92

Porphyra-334 347,1449 334

TABLE 3. Proportions of MAAs in the EW of P. Palmata.
MAAs

(ppm)
4

1

TIC

EIC

MAAs-Gly MAAs-Ser MAAs-Thr

%MAAs %MAAs %MAAs

Shinorina

2.05

7.00

Palitina

8.99

30.76

MycMeAmSer

1.76

6.01

MycMeAmGly

1.13

3.87

Porphyra-334

10.17

34.80

Asterina

1.05

3.61

43300c

7.84

Asterina

289,1394 330

43500d

5.37

Paltinol

4.08

13.95

Palitinol

303,1551 332

43500e

1.97

Total

29.22

100.00

CONCLUSIONS
- Sequential extracts of P. palmata have been obtained with H2O, 50% EtOH, 100% EtOH and hexane.
- The aqueous extract has been partially purified of biomacromolecules by gel filtration chromatography.
- The aqueous extract presented the highest photoprotective bioactivity, evaluated by absorbance in UV-Visible spectrum and
fluorescence emission, as well as greater antioxidant bioactivity, in addition aqueous extract have the highest content in possible MAAs
with respect to the other sequential extracts obtained.
- The chromatographic method has been optimized achieving high resolution between contiguous peaks
- Seven MAAs have been identified by HPLC and mass spectrometer. All of them was contrasted with the biosynthetic pathway of MAAs
in algae. Their concentrations were determined by means of the molar absorptivities in the respective máximum absorbance. Palithine
and porphyra-334 are the main MAAs of the aqueous extract of P. palmata, with proportions of 4 and 1 ppm, respectively.
- Consequently, the objectives proposed at the beginning of this study have been achieved.

%MAAs

%MAAs

7.00
30.76
6.01
3.87
34.80
3.61
13.95
34.63

30.57

34.80

