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Abstract Proteomic approach was applied to identify total
proteins, particularly the enzymatic content, from wild car-
doon flowers. As the selection of an appropriate sample prep-
aration method is the key for getting reliable results, two dif-
ferent extraction/precipitation methods (trichloroacetic acid
and phenol/ammonium acetate) were tested on fresh and ly-
ophilized flowers. After two-dimensional electrophoresis
(2D-E) separations, a better protein pattern was obtained after
phenol extraction from lyophilized flowers. Only 46 % of the
total analyzed spots resulted in a protein identification by mass
spectrometry MALDI-TOF. Four proteases (cardosins A, E,
G, and H), which have become a subject of great interest in
dairy technology, were identified. They presented molecular
weights and isoelectric points very close and high levels of
homology between matched peptides sequences. The absence
of the other cardosins (B, C, D, and F) could be an advantage,
as it reduces the excessive proteolytic activity that causes bit-
ter flavors and texture defects, during cheese making.
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Introduction

Milk-clotting proteases are the primary active agents in cheese
manufacture. The first and the most widely coagulating en-
zyme preparation, used in cheese processing, was calf rennet.
However, the worldwide increases in cheese production,
along with reduced supply of calf rennet and higher prices,
have led to search for alternative milk-clotting enzymes, as
appropriate rennet substitutes [1, 2]. Aspartic proteases ex-
tracted from plants have become a subject of growing interest
in dairy technology [3], due to their easy availability and their
efficient purification processes. Further, the use of plant pro-
teases in cheese manufacturing promotes the great acceptabil-
ity by the vegetarian population and may improve their nutri-
tional intake [4].

Cynara cardunculus var. sylvestris, which is commonly
named ‘wild cardoon’, contains aspartic proteases mostly used
in milk coagulation and cheese making [5]. The milk clotting
enzymes, which are known as cardosins, have been found
previously in all C. cardunculus cells and tissues, but partic-
ularly with high quantity in the flowers’ pistils (styles and
stigmas) [6]. Cardosin A is a glycosylated aspartic protease
(AP) that has been studied in detail and was shown to be
similar to chymosin, in terms of kinetic parameters and spec-
ificity, by cleaving the same peptide bond (Phe105-Met106)
of the casein kappa [7, 8]. The most abundant proteolytic
activity corresponds to that of cardosin A [9] and at acidic
pH, it represents from 75 to 90 % of total extracted enzyme
activity [8]. The second aspartic protease studied was cardosin
B, which is similar to pepsin, in terms of activity and speci-
ficity [7]. In later studies, four new cardosins were also
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purified from cardoon flowers’ pistils (cardosin E, F, G, and
H), thus raising the number of APs that had been biochemi-
cally characterized to nine [10]. These enzymes share signif-
icant similarities at the structural level and mostly at the
amino-acid sequence [11]. They resemble more to cardosin
A than cardosin B or the two other APs, which are not yet
isolated (cardosin C and D) [12].

The variability of protease content in cardoon flowers, due
to the natural geographic localization, the flowering stage, and
the seasonal climatic conditions, leads to variations in the
morpho-organoleptic characteristics of dairy products [13].
This may induce a variable non-specific proteolytic activity
and consequently a negative effect on the quality parameters,
including low yield and lack of homogeneity of sensorial fac-
tors between cheeses’ different batches [14]. Thus, a better
knowledge of protease content in wild cardoon flowers col-
lected in Tunisia will be very interesting for standardization of
the cheese manufacturing process. A proteomic approach is a
pertinent study for this purpose.

The use of proteomics in our study, could offer the possi-
bility to identify total proteins, allowing specifically the inves-
tigation of the different types and classes of cardosins in
flowers of wild cardoon, and consequently a good understand-
ing of non-specific proteolytic activity which is responsible
for bitterness in final product. The basic concept of proteomics
approach suggests three main steps, starting from protein ex-
traction, followed by the establishment of the 2D gel using a
first isoelectric focusing separation and a second SDS PAGE
electrophoresis, and finally the protein identification by mass
spectrometry analysis [15].

The two-dimensional electrophoresis (2DE) is an important
tool for proteomic studies. In order to attain an efficient pro-
tein profiling and a good 2D gel resolution, the application of
an appropriate protein extraction method for sample prepara-
tion, is fundamental [16]. This is of considerable importance,
as different cellular components and high levels of com-
pounds such as lipids, pigments, polyphenols, and organic
acids, interfere with electrophoretic separation and subsequent
analysis [17, 18]. The other constraint is related to the action
of flowers’ proteases that can also preclude the detection and
identification of the other low-abundant proteins or even the
aspartic proteases themselves used in milk coagulation, by
auto-hydrolysis activity. Therefore, it becomes imperative to
establish a good protein extraction method in order to have a
complete characterization of the protein fraction.

The present work aims firstly to select an effective protein
extraction protocol suitable for 2D-E separation of total pro-
teins in cardoon flowers. Thus, two different protein extrac-
tion methods were chosen to prepare samples (trichloroacetic
acid method and phenol/ammonium acetate method) for 2D—
E analysis. The evaluation of the efficiency of the two
methods was determined by comparing protein yields and
2D-E patterns. After electrophoretic separation, the second
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objective was to identify flowers proteome by MALDI-
TOF-MS. This was interesting in order to study the various
types of cardosins in cardoon flowers, collected in Tunisia.
Outcomes of the present investigation could provide a direc-
tion to conduct future studies on the sensorial characteristics
of Tunisian cheese produced by these enzymes.

Materials and methods
Plant material

Fresh flowers of wild cardoon (Cynara cardunculus var.
sylvestris) were collected from the region of Bizerte in
Tunisia, during the flowering season specifically at the middle
of flowering stage (at the end of June). The upper parts (petals
and pistils) were cut and separated from the flowers and then
carefully picked out to remove waste. All collected samples
were then stored immediately at =20 °C. Then, the flowers
were lyophilized in a Heto drywinner system and ground for
1 min (Grindomix system). The obtained powders were then
stored at —20 °C until the beginning of the extraction
procedure.

Protein content: Dumas method

Protein content of fresh and lyophilized flowers was deter-
mined using a Dumas Elementar Rapid N cube 161 15054
(Donaustrasse, Germany). Two hundred milligrams of solid
sample material were protected in paper and pressed in pellet
form. The wrapped samples were placed onto a carousel, con-
taining 60 positions. Samples were then transferred to the
combustion tube and the nitrogen determination was based
on the quantitative digestion of the sample at approximately
900 °C, in presence of excess oxygen [19]. The bound nitro-
gen was converted into nitric oxides and molecular nitrogen.
The gases were transmitted with CO,, by way of a catalytic
post combustion zone, to a reduction zone. At this stage, the
nitric oxides were transformed into nitrogen. The gas mixture
flows to the thermo conductivity detector via an electronic
flow controller. Through a connected personal computer
(PC), the nitrogen concentration was determined from the
thermo conductivity detector signal of the N, in the CO, and
from the sample weight. A factor of 6.25 was used for con-
version of nitrogen to crude protein and results were expressed
as percent of dry matter (DM) [20].

Protein extraction
Trichloroacetic acid method

Proteins were extracted and precipitated from 0.2 g of fresh
and lyophilized flowers, using the “2D Clean-up” kit
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(Amersham), and then re-suspended in the appropriate UT
buffer (7 M urea, 2 M thiourea, 0.5 % (w/v) CHAPS) for
rehydration before two-dimensional electrophoresis (2DE).
A mix of protease inhibitor was added to the UT buffer in
order to prevent proteolytic attack and then preserve all pro-
teins. Protein extract was finally kept at —80 °C.

Phenol/ammonium acetate method

Approximately, 0.2 g of fresh and lyophilized flowers was
grinded in liquid nitrogen, using pestle and mortar, until a fine
powder was obtained. Later, 2.5 volume of extraction buffer
(0.9 M sucrose, 0.5 M Tris, 5 mM EDTA, 0.1 M KC1, 1 % w/v
DTT) was added. The mixture was vortexed for 30 s, in order
to obtain a thick paste. After that, two successive sonications
were carried out for 5 min, followed by adding 2.5 volume of
Tris-saturated phenol (pH 8.0) and the solution was then
vortexed for 10 min. After centrifugation at 5000 g for
10 min (4 °C), the upper phenol phase was added to one
volume of extraction buffer, followed by centrifugation at
5000 g for 5 min (4 °C). This step was repeated twice. Then,
5 volumes of precipitation solution (100 % (w/v) methanol,
100 mM ammonium acetate) was added to the upper dark-
brown phase, mixed well, and incubated overnight at —80 °C.
Pellets obtained after centrifugation, were washed twice with
5 volumes of precipitation solution and once with 5 volumes
of'ice- cold 80 % (w/v) acetone solution, and finally dried and
dissolved in 100 uL UT buffer. Protein extract was stored at
—80 °C until the beginning of the two dimensional
electrophoresis.

Protein quantification

Protein concentrations of the flower extracts were determined,
following the RC DC (reducing agent and detergent compat-
ible) protein assay procedure (BioRad, Belgium), using BSA
as a reference, for the calibration curve, at concentrations of
0.25, 0.50, 0.75, 1.00, 1.25, and 1.47 mg/mL. Protein yield
and protein recovery were calculated, based on weight and
protein content values of starting flowers, using the following
equations:

Protein yield(g/100g Fw) = (Total of extracted protein/flowers weight)*100
(1)
Protein recovery(%) = (Total of extracted protein/protein content in flowers)*100

(2)

Two-dimensional electrophoresis

The total volume of the samples was adjusted to 100 pL. For
each sample, a mixture was prepared by adding 0.8 mg

dithiothreitol (DTT) and 1.6 uL of immobilized pH gradients
(IPG) buffer to 100 pg of protein in the appropriate UT buffer
(7 M urea, 2 M thiourea, 0.5 % (w/v) CHAPS). After an
incubation of 20 min at room temperature, 1 uL of
bromophenol blue was added. Isoelectric focusing was carried
out using a Protean IEF Cell (Bio-Rad, Belgium) and a non-
linear Immobiline Dry Strip (pH 3—11) of 7 cm (IPG strip, GE
Healthcare, France). After an active rehydration for 9 h, the
voltage was fixed at 200 V for 2 h. It was increased linearly to
1000 V during 4 h, then, linearly to 4000 V for 1 h and it was
finally set at 4000 V for 1 h and 30 min. IPG strips were
incubated in the beginning for 15 min in 1 mL of reduction
solution (0.83 % (w/v) DTT, 30 % (w/v) urea and 83 % (v/v)
equilibration buffer) and then for 15 min in alkylation solution
(identical to the previous excepting the replacement of DTT
by 2 % (w/v) IAA). The second dimension electrophoresis was
performed according to the method of [21] using 12 % poly-
acrylamide gel electrophoresis (SDS PAGE). After electro-
phoresis, proteins in gel sheets were stained with Coomassie
blue R-250. Protein stains were then destained with 10 % (w/
v) acetic acid. The obtained Gels were finally scanned using
an Ettan DIGE Imager (GE Healthcare) and proteins spots
were excised manually with One Touch 2D gel Spot Picker
(Gel Company).

2D MALDI TOF-MS experiment and protein
identification

The wash of gel pieces was performed twice with 0.05 M
ammonium hydrogen carbonate (NH4HCO3) and 0.05 M
NH4HCO;5, containing 50 % (v/v) acetonitrile. Proteins were
reduced at 56 °C for 45 min, with 0.01 M dithiothreitol and
then alkylated at 20 °C for 1 h, with 55 mM iodoacetamide. As
previously, gel fragments were washed two times and
dehydrated with 100 % acetonitrile. After that, a tryptic diges-
tion was performed during 4 h, with 3 pL of 10 ng/uL trypsin
in 0.025 M NH4HCO3;. The obtained peptides were extracted,
at 30 °C for 1 h, with 1 % (w/v) trifluoroacetic (TFA) acid
solution. Three microliters of the resulting protein digests
were adsorbed on pre-spotted anchor chip (PAC), for 3 min,
using a cyano-4-hydroxycinnamic acid as a matrix in a
Proteineer dp automat system.

Analysis of each sample was carried out with an Ultraflex
I MALDI-TOF-TOF mass spectrometer (Bruker). The anal-
ysis of automatic spectra was piloted with the software Flex
control (vs.3) and the search in databases was managed in real
time with BioTools (vs.3.1 Burker), on the Mascot server
(vs2.2.06). Mass data collected during MALDI TOF/MS anal-
ysis, were searched on NCBI database restricted to
Viridiplantae taxonomy. The identification of proteins was
confirmed and considered positive, when protein hits matched
at least four peptides and reached a Mascot score of at least 45
(error values <100 ppm).
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Bioinformatic analysis

Unknown protein sequences were determined using CDD
(http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi)
database, in order to find conserved domains or motifs. These
sequences were then subjected to the DELTA-BLAST algo-
rithm (http://blast.ncbi.nlm.nih.gov) to search for matching
with homologous proteins present in the databases.

Statistical analysis

Results of protein concentrations and protein yields were
assessed using SPSS. 21. Duncan’s tests were employed for
comparison of means and data were considered significant if
the P value was below 0.05.

Results and discussion
Comparison of the two protein extraction methods

Plant extracts could contain large amounts of secondary com-
pounds such as lipids, phenolic compounds, carbohydrates,
organic acids, and pigments [22]. These compounds can pro-
duce protein precipitation when the tissues are disturbed, and
they can interfere severely with 2D-E separation when they
co-precipitate with proteins [23, 24]. In order to achieve the
best representation of wild cardoon flowers proteome, the use
of an effective protein extraction method that delivered fewer
interfering substances, the greatest number of distinct proteins
and more clearly protein spots in 2D gel, was essential.

After a first protein extraction assay and analyzing in 2D
electrophoresis, a low protein resolution was observed and
only one spot was detected (data not shown), which was prob-
ably the result of a proteolytic attack and even an auto-hydro-
lysis. In order to prevent this problem, a mix of proteases
inhibitor was introduced into buffers and equal amounts
(0.2 g) of starting flowers (fresh/lyophilized) were loaded in
the two extraction procedures (Fig. 1). Protein concentration
and protein yield of each extract were determined and present-
ed in (Table 1).

Flowers’ lyophilization had no significant effect on protein
yield in the case of the phenol method. Nevertheless, the use
of the TCA method allowed the extraction of higher proteins
amount from lyophilized flowers than from fresh flowers
(P < 0.05). Concerning the lyophilized flowers, the phenol
extraction method resulted in a slightly higher protein concen-
tration (46.582 mg/mL) and protein yield (2.295 % Fw), than
the TCA method (44.361 mg/ml and 2.217 % Fw) even if no
significant difference was observed (P > 0.05). The same re-
sult was observed for protein recovery percentages calculated
from protein content (11,278 % DM) of lyophilized flowers.
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When comparing the protein diversity in 2D gels related to
extraction methods (Fig. 2a, b), the highest number of re-
solved protein spots (13 spots) was obtained after phenol ex-
traction from lyophilized flowers. The latter was 61.5 %
higher than from the TCA method. Further, phenol extraction
gave a greater gel resolution and clearer protein spot separa-
tion. Consequently, TCA precipitation does not sufficiently
eliminate contaminants from C. cardunculus flower materials,
which interfere with bi-dimensional separation and cause bad
focusing and protein streaking. According to a previous study
of chemical composition of wild cardoon flowers collected in
Tunisia, the lipid and fiber contents were respectively 18.5 and
50 % of dry materials. Therefore, it seems that the enhanced
performance of phenol method in extracting proteins corre-
lates with its ability to remove fibers, delipidate, and solubilize
proteins.

The phenol-based protocol has been successfully used on
various types of plant tissues. Several studies on potato, ba-
nana, mature grape [25], apple, and strawberry fruits [26],
using this method, resulted in higher protein yields and greater
spot resolutions. In order to understand this higher efficiency
[27] compared absorption spectra of protein extracts in IEF
buffer, stemming from three different extractions, which were
applied on Beta vulgaris tissues. They showed that samples
obtained with phenol method, gave the lowest absorbance in
the 190-350 nm region, meaning that, this protocol was more
effective in discarding unwanted interfering substances partic-
ularly, polysaccharides, polyphenols, and nucleic acids, from
the protein samples. Furthermore, [28] reported, in a compar-
ative study, that phenol/ammonium acetate was a powerful
method of extracting a large number of proteins, and the latter
was slightly better than the TCA/acetone method at removing
contaminant compounds from different recalcitrant plant tis-
sues. In fact, phenol extraction method is based on separation
of macromolecules into organic and aqueous phases. The
aqueous phase dissolves cell debris, nucleic acids, and carbo-
hydrates, while the phenolic phase carries proteins and lipids
[29]. Proteins from the phenolic phase are then precipitated
with methanol and ammonium acetate [30].

In our study, there was no significant difference in protein
yields between the two extraction methods, but a better gel
resolution and a higher number of resolved protein spots after
phenol extraction were obtained. The numerous centrifugation
steps prior to precipitation in the phenol method would have
contributed to remove protein rich debris found in the TCA
pellets, which are later solubilized in the rehydration buffer,
thus causing under estimation of protein yield after phenol
extraction. However, the greater removal of unwanted com-
pounds by this method resulted in a better spots detection.

Based on our results, the TCA method is not suitable for
cardoon flowers protein preparation. This led us to select phe-
nol extraction, for subsequent mass spectrometry analysis of
protein spots.
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Fig. 1 Procedure of extraction
methods. a Trichloroacetic acid
method, b phenol/ammonium
acetate method

0.2 g of powder flowers from C. Cardunculus var. Sylvestris

A

Grind flowers with

(a)Trichloroacetic acid liquid nitrogen Lo (b) Phenol/ammonium
extraction method acetate extraction method
I I
v v
Homogenize in 300 pL precipitant Homogenize in 2.5 volumes of
and mix by vortexing. extraction buffer. Vortex for 30 sec
Incubate on ice for Sonicate for 5
15 min (4°C) min (4°C)
A 4
Add 300 pL of co-precipitant to the Add 2.5 volumes of Tris—Sfalturated
mixture of protein and precipitant. phenol pH 8. Vortex and agitate for
10 min.
i Centrifuge at 12000 v
g for 5 min The upper phenol phase
Add ?0 ﬁL of co-precipitant to the Centrifuge at 5000
top of pellet g for 10 min (4°C)
Centrifuge at 12000
g for 5 min Add one volume of Tris-Saturated
phenol pH 8. Vortex and agitate for
Add 25 pL of distilled water to the 10 min.
top of pellet. Vortex for 10 sec
+ Centrifuge at 5000
v ¢ for 10 min (4°C)
Add 1 mL of wash buffer and 5 pL
of wash additive. Vortex Phenol phase
v v
Incubate at -20°C for 30 min. Vortex Add 5 volumes of precipitation
every 10 min for 20-30 sec iolutlon
l Centrifuge at 12000 Precipitate proteins at -80 °C
g for 5 min overnight
Dry the peAllet briefly in‘the air and Centrifuge at 5000
resuspend in the appropriate volume g for 10 min (4°C)
of UT buffer
Wash pellet twice with 5 volume
precipitation solution. Vortex and
centrifuge
v
Wash the pellet with 5 volumes of
ice cold 80% acetone solution.
v
Resuspend pellet in adequate volume
of UT buffer /
Table 1  Protein concentration, total protein, and protein yield in each extract using different extraction methods
Extraction methods Flowers™ Protein concentration Total protein Protein yield Protein
(mg/mL) (mg) (g/100 g Fw) recovery (%)
Trichloroacetic acid method® L 44.36 + 1.74* 443 +0.17° 2.21+0.08" 19.66 +0.77*
F 37.09 +1.14° 370 £0.11° 1.85 +£0.05 15.12  0.46°
Phenol/ammonium acetate® L 46.58 + 1.80% 4.65+0.18" 229 +0.12% 20.65 +0.80% *
F 46.69 + 1.72% 4.66 +0.17° 2.33 +£0.08" 19.03 +0.70% 2

Values with different superscript letters within the same column are different (P <0.05)

A L lyophilized flowers, F fresh flowers

B All values given are means of three determinations. Values with different lowercase letters within the same column are different (P < 0.05)

@ Springer



30

J Chem Biol (2017) 10:25-33

Fig. 2 Comparison of two-

pH3 B 1 pH3

- 1

dimensional gel electrophoresis
protein patterns of lyophilized
flowers from C. cardunculus. L, s
using two different extraction PAGE
methods. (a) The trichloroacetic v
acid protein extraction method,

(b) the phenol/ammonium acetate

protein extraction method. Gels

were made in duplicate

3 .

- i

Protein separation on 2D-E and MALDI-TOF-MS
identification

The 2D-E analysis showed a total of 13 protein spots (Fig. 3),
which differed in their volumes and intensities. The obtained
number of protein spots suggests that flowers of wild cardoon
collected in Tunisia were not rich in protein. This is in agree-
ment with results reported by Ordiales, Martin, Benito,
Hernandez, Ruiz-Moyano, and Coérdoba [14]. These authors
found only seven protein bands in C. cardunculus flowers
after electrophoretic separation on 1D gel. Hence, the proteo-
mic approach could be an efficient way in this study as it
allows the detection of more proteins, due to separations ac-
cording to molecular weights (Mw) and isoelectric points.
After an approximate analysis of spots molecular weight
(Mw), the results obtained on 2D gel revealed that the most
resolved protein spots was distributed into the range of 25—
200 kDa (Mw), with a remarkable resolution and high

Non linearIPG Strip3-11 —— p

intensity observed at the spot 5. Furthermore, three spots were
found at low molecular levels, with an approximate molecular
mass in the range of 10 and 20 kDa. In fact, according to
several studies of cardoon’s protein profile [14-31], proteins
with low Mw, represented the 3-subunits of cardosins (16.5
and 13.5 kDa), since there were a positive correlation between
band intensities and milk-clotting activities.

Only 46 % of the 13 selected spots were found in the
Viridiplantae databases for efficient protein identification: five
distinct proteins (spots 1, 3, 4, 7, 8) and a set of four proteins
grouped in the same spot (spot 5). Data was listed in Table 2.

In wild cardoon flowers, cardosins were the major aspartic
proteases that account for approximately 70 % of the total
flowers protein content and are implied in physiological and
physicochemical properties of cardoon proteins [13]. In our
study, four cardosins (A, E, H, and G), were well identified
with a Mascot score relatively high, ranging from 72 for
cardosin A to 87 for cardosin G (Table 2). The highest

M.W (kDa)

SDS
PAGE

- NS
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85

—
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4

10
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e ]

25

20
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H

Fig. 3 Two-dimensional gel electrophoresis protein patterns of flowers,
from wild cardoon (C. cardunculus. var. sylvestris), collected in Tunisia.
One hundred micrograms of flower extract protein were subjected to 2DE

@ Springer

10

gel. The separation depending on the first dimension was performed in
the pH range of 3—11. Proteins excised were encoded
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Table 2 List of proteins identified in flowers of wild cardoon (C. cardunculus. var: sylvestris) collected in Tunisia

Sequence

Matching

pl

Mr (Da)

Mascot score

Protein name and organism source

Accession number

Spot number

coverage (%)

peptide number

711
4/5

8.46
6.40
8.64

4.

144,006
104,385

50
47

Condensin-2complex subunit D3 [Vitis vinifera)

gi297736843

Hypothetical protein AMTR S00522p00018000 [Amborella trichopoda)

Putative MAP kinase family protein [Zea mays]

21586659937

26
38
31

4/12

34,814
29,365
29,138
24,663
26,236
97,380
85,105

55
87
86
73

414879295
147743007
147743015

7/22
7/22
6/22
6/22
4/5

35
38
33
60

Cardosin G [Cynara cardunculus)

4.

Cardosin H [Cynara cardunculus)

39
37

4.

Cardosin E [Cynara cardunculus)

gi147742993
2i4389326

4.

72
48

Cardosin A [Cynara cardunculus]

6.14

Putative disease resistance protein (RGA4) [Vitis vinifera)

gi225456092

7/22

6.76

Hypothetical protein OSJ 25405[Oryza sativa Japonica group) 50

21593693178

sequence coverage was attributed to cardosin E (39 %).
Otherwise, only the heavy chains of these proteases were
identified, presenting molecular weights (24.6-29.4 kDa)
and isoelectric points (4.33—4.60) extremely close, which ex-
plain their separation in the same way on 2D gel, and their
accumulation in one spot. In fact, at this same position (spot
5), there was no other protein identified with molecular prop-
erties (Mw, pl) near to those of cardosins. This can facilitate
subsequent purification of the individual protease fraction, in
order to characterize it.

The identification of these APs by their molecular weights
and isoelectric points was comparable to that in previous stud-
ies, confirming the reproducibility of our two D-E analysis
and identification system. Indeed, [10] estimated by SDS
PAGE, that both cardosins G and H possess two glycosylated
sub-units of 29 and 15 kDa and after 2D separation of the
purified enzymes and spot analysis by ESI/MS, isoelectric
points were respectively 4.54 and 4.99. According to our re-
sults, the most abundant heavy chain of cardosin A had a
calculated molecular mass 0f26.236 Da which is in agreement
with that reported in previous studies [10]. However, this val-
ue was slightly lower than the apparent molecular weight of
31 kDa estimated by gel filtration and SDS PAGE [7-32].
This difference suggested that MALDI-TOF system was able
to estimate specifically total Mw of only amino acid se-
quences, without the glycosylated structures.

All APs in C.cardunculus flowers, shared high levels of
homology between their structures [33]. According to our
results, among the total matched peptides detected for each
enzyme, two specific peptides were identified for both
cardosin G and H and only one specific peptide for cardosins
A and E. However, five peptides with calculated molecular
weight of 3033.45, 2329.06, 1708.83, 1124.59, and
968.49 Da, were found in all fractions (A—G), after tryptic
digestion. These common peptides sequences may promote
the global enzyme activity in plant tissues, since there are
amino acid sequences presenting a major role in physiological
mechanisms. Simdes, Mueller, Otto, Bur, Cheung, Faro, and
Pires [34] reported that cardosin A shares the same RGD ad-
hesion motif (Arg-Gly-Asp), with cardosins G, E, F, and H.
This motif, with the KGE motif, is known to be implied in the
enzyme interaction with a phospholipase Do (PLD). The
complex formation involves synergetic actions in degenera-
tive processes, particularly those observed during plant senes-
cence, stress responses, and pollen-pistil interactions [35].

Despite the similarities between amino-acid sequences of
these enzymes and cardosin A, cardosins E, G, and H exhibit
different proteolytic activities and selectivities toward synthet-
ic peptides. In fact, it has been shown that cardosins E and G
have proteolytic activities upper than that of cardosin A [8].
This was mainly explained by the presence of several residue
substitutions in these enzymes, which were found close to the
active site, and some of these substitutions may be the cause of
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this increased activity [10]. According to the published litera-
ture, cardosins G and H exhibit quite similar selectivity to-
wards peptide bonds as exhibited by cardosins A. On the other
hand, the selectivity of cardosin E varied depending on non-
specific activity, which leads to the release and accumulation
of different peptides [10]. When using enzyme preparation
from cardoon flowers as a milk coagulant, the over production
of different peptides, due to the higher activity of these APs,
causes bitterness and poor texture of the final cheese [36].
Thus, the determination of enzymatic content in flowers col-
lected in Tunisia was important to understand sensorial prop-
erties after cheese making using cardoon extracts.

According to our results, the other APs (cardosin B, C, D, and
F) were not identified in C. cardunculus flowers. This may be
related to potential induction of their genes depending on several
environmental factors and stimuli, such as the geographic locali-
zation and the seasonal climatic conditions [37, 38]. They would
also be specifically expressed in subsequent stages of the plant life
cycle [39,40]. Nevertheless, the absence of these enzymes, at this
flowering stage, is of a great importance and may present an
advantage because of their higher proteolytic activity, which
could affect textural properties of the obtained dairy product.

With respect to the other proteins found in C. cardunculus
flowers, only three proteins (spots 1, 4, and 7) were well
identified in term of molecular and biological properties.
The putative MAP kinase protein identified in spot 4
(Table 2), having a Mw of 34.8 kDa, close to that of APs
but an isoelectric point twice higher than cardosins one. This
could be related to the elevated density of APs, in
C. cardunculus flowers compared to other proteins, which
involved a low separation of this protein under isoelectric
point. Another explanation may be attributed to the fact that
the protein had possibly been subjected to post-translational
modifications in cell compartments, thus inducing the modi-
fication of isoelectric point. Concerning the molecular and
biological functions, MAP kinase is known to be involved in
cell cycle regulation and induction of proliferation and differ-
entiation mechanisms [41]. This protein, which belongs to the
serine/threonine kinase family, proceeds as an extracellular
signal and intermediates in several signal transduction path-
ways, via phosphorylation cascades, from receptor binding to
downstream target molecules [42]. The protein related to spot
1 was identified as a condensin-2 complex subunit D3, which
has an important role in cell division. The putative disease
resistance protein RGA 4, identified in spot 7, is known to
be involved in plant defense system against pathogens, in
order to restrict their growth.

Conclusion

In this study, an overview of proteins present in Cynara
cardunculus flowers collected in Tunisia was provided by a
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proteomic approach. Following this, the enzymatic content of
the flowers was determined, especially the milk-clotting pro-
teases (cardosins). In fact, four cardosins were identified,
among them the cardosin A, which can replace successfully
calf chymosin, due its high specificity to the Phe105-Met106
peptide bond. Moreover, the absence of the other cardosins
(B, C, D, and F) could be an advantage, as it reduces the
excessive proteolytic activity during cheese making. Thus, it
could be interesting, in later studies, to evaluate enzymatic
activities of cardosins and relate them to the sensorial charac-
teristics of commercially cheese produced in Tunisia, by these
enzymes.

AP aspartic protease, F'w fresh weight, MALDI matrix-
assisted laser desorption/ionization, MS mass spectrometry,
Mw molecular weight, TCA trichloroacetic acid, TFA
trifluoroacetic acid, TOF time of flight.
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