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Abstract

Four Egyptian pollen pellets: sunflower, clover, maize and broad beans, were evaluated for environmental risk of allergenic protein
subunits, indexing amino acids, as well as nucleic acids contents. Protein fractions were subsequently extracted as albumin, globulin,
urea and SDS-soluble proteins, by different methods. The results showed that albumin and globulin fractions represent the major
constituents in different pollen pellets and amounted 33.24-40.3% and 32.57-37.22% respectively. SDS soluble protein showed
minor amount. The electrophoretic separation of albumin and globulin extracts of sunflower pollen showed the presence of 8 protein
subunits, which varied in their molecular weight between 4-67 KiloDalton (KDa); allergic protein subunits with MW 35 and 45
KDa were identified in all pollen pellets tested. Indexing and general analysis of the four pollen pellets showed that carbohydrates
ranged from 28.12 (maize) to 36.12 (sunflower), while total chlorophyll ranged from 5.85 (broad bean) to 6.07 (maize) mg/100 g
fresh weight. It is also clear that the protein content of pollen pellets is above 40% and therefore they could be considered as a protein
rich source. Broad bean pellets had the highest amount of protein content (48.31%). The lipid content ranged from 4.47 to 15.7%,
according to pollen source. All pollen pellets contained relatively high quantities of RNA, which are nearly three times the equivalent
of DNA content. Relative values of total free amino acids of four pollens were considerably low (below 20%) and ranged from 2.93 +

0.089 (sunflower) to 15.99 + 0.015 umol/ mg fw (broad beans).
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Introduction

Pee natural pollen is rich in carbohydrates, proteins,
amino acids, vitamins and minerals, and therefore
considered a good nutrition supplement, as well as proper
for medicinal treatments, as reported by Carpes ¢t al.
(2009).

Honey containing pollen from plants is known to be
poisonous or toxic and unsafe for human consumption
(Afify, 2010). Pollen analysis helps to identify such types of
honey, and can also protect the consumer against any
possible allergic reactions to specific pollen, to certain
sensitive people. Further reliable information about
important plants responsible for pollen quality is obtained
by analysis of the kinds and quantities of pollen in the
atmosphere. Honey is one of the best suppliers of energy
and necessary substances in human’s nutrition all over the
world (Carpes ¢t al., 2009). There are some protein bands
which had been identified by SDS polyacrylamide gel
electrophoresis and ranged from low 14.40 KDa, up to 116
KDa molecular weight (Nazarian e# 4/, 2010). Honey
compounds, in addition to sugars, are lipids and minerals.
Relative quantity of the proteins in honey compound is
considered as a quality index. Determination of the quantity
of plant origin (pollen) and animal origin (honey bee) of the

proteins of honey is an important, yet unknown, aspect.

Knowing this ratio can be an important index for quality
control of honey (Nazarian ez al., 2010). Pollen pellets
collected from honey bees for aging at 62 floral species were
analysed for protein and amino acid content, and their value
for honey bee nutrition was determined. The crude protein
levels of all pollen pellets analysed ranged from 9.2% for
Hypochoeris radicata (flat weed) to 37.4% for Echium
plantaginewm (Paterson's curse), with a mean of 25.9%
(Somerville and Nicol, 2006).

Pollen has high content of polyphenol substances,
chiefly flavonoids with antioxidant and antimicrobial
activity (Basim ez al, 2006). The study of phenolic
compounds has increased greatly, mainly due to the
antioxidant capacity of these substances in scavenging free
radicals that are harmful to human health (Afify ez 4/, 2011;
Afify et al., 2012). In vitro trials have demonstrated that
some flavonoids have greater antioxidant activity than
vitamins E and C (Almaraz-Abarca ez 4/, 2007; Rice-Evans
etal., 1996).

The present investigation aimed to analyse four types of
Egyptian pollen pellets for free amino acid and nucleic acids,
as well as electrophoretic separation of different protein
fractions by polyacrylamide gel electrophoresis (SDS-
PAGE). Different proteins were extracted as albumin,
globulin, urea soluble proteins and SDS soluble protein, and
examined by SDS-PAGE. Evaluating for environmental risk
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of allergenic protein subunits found in pollen pellets will

help using protein as a significant factor for indexing honey
ees.

Materials and methods

Sampling

Four types of pollen pellets (five samples each) were
collected from Faculty of Agriculture (Fayoum) by honey
bees. The plant sources of pollen pellets were identified by
microscopic examination (Hyde and Adams, 1958). Fresh
pollen pellets were placed in containers and stored in the
deep freezer for chemical analysis. Pollen pellet sources used
for investigation were: L Sunflower (Helianthus annus,
Composite); 2. Egyptian clover (17ifolium alexandyinum,
Leguminosae); 3. Maize (Zea mays, Gramineae). 4. Broad
bean (Vicia faba, Legaminosac).

General chemical analysis

Ash, fat and protein were determined as described in
AOAC (1975). Total carbohydrate and reducing sugars
were determined according to Asatoor and King (1954).
Total soluble sugars were determined using the phenol-
sulphuric method of Dubois ez 4/. (1956). Total chlorophyll
and carotenoids were determined according to Holden
(1965) and Urbach et al. (1976). Pigments were isolated by
extraction in 80% acetone and then quantitatively
determined by the method of Holden (1965) and Urbach ez
al. (1976). Compounds’ content was calculated using the
following equations:

(1) Czz = 12.7 x E663 — 2.69 x E645

(2) Cb = 22.9 x E645 — 4.68 x E663

(3) Ca + b =202 x E645 + 8.02 x E663

(4) Cc=4.75 x E542.5 - 0.226 x Ea + b

where Ca, Cb, Ca + b and Cc means the content (mg/g
fw) of chlorophyll 4, chlorophyll &, the sum of chlorophylls
a and b, and carotenoids, respectively; fw = fresh weight.

Total free amino acid analysis

The total free amino acid content of the pollen was
quantified using ninhydrin reagent, according to Sadasivam
and Manickam (1996). 2 ml of extract, 2 ml of buffered
ninhydrin reagent [0.8 g of ninhydrin, 0.12 g of
hydrindantin in 30 ml of methyl cellusolve and 10 ml of
acetate buffer (pH 5.5)] were added and the mixture was
heated on a boiling water bath for 15 min. The solution was
then cooled to room temperature and 3 ml of 50% ethanol
were added. The extinction of the purple color developed
was read at 570 nm after 10 min, using a
spectrophotometer. Appropriate blanks were set up and the
color equivalence of the amino acids was compared. A
calibrated solution of glycine was used as standard.

Extraction and determination of DNA and RNA

DNA and RNA were extracted according to Nieman
and Poulsen (1962): (1) Nucleic acid extraction
recommendations and determination as follows: the pollen
pellets were suspended in 5 ml of 0.3 N NaOH and held at
30 °C for 18 hours. The sediment was removed by
centrifugation and washed once with 5 ml of 0.3 N NaOH.
The supernatant equals the RNA fraction.

The DNA-protein sediment was resuspended in 2 ml

water, followed by the addition of 2 ml of 1 N perchloric
acid. The DNA-protein sediment was suspended in 3 ml of
0.5 N percholric acid, heated at 70 °C for 15 minutes, and
centrifuged at 2 °C. The supernatant equals the DNA
fraction.

(2) Nucleic acid estimation: the absorbance of the
nucleic acid extracts was measured at 250, 260, 265, 280 and
310 nm. Samples and control were dissolved in 0.3 N
NaOH and considered unidentified. Calculation of RNA
was carried out in the presence of 0.04 or 0.2 N percholric
acid = 0.346, while for DNA 0.5 N percholric acid = 0.290

was used.

Protein extraction

Fresh pollen samples were defatted with cold pure
acetone (1:1 w/v). The defatted samples were subsequently
extracted as described by Afify and Ghali (1987) with four
solutions, as follows: 1) Water with 0.02 % Na azide
(albumin); 2) Tris-borate 0.125 M buffer, pH 8.9
(globulin); 3) Tris-borate 0.125 buffer, pH 8.9 with M
(urea); 4) Tris-borate 0.125 buffer, pH 8.9 with SDS-ME 2
%

Protein determination

Protein contents were determined in protein extracts
according to the methods of Bradford (1976) using
Coomassie Brilliant Blue G-250 dye, which binds with
protein to form a complex that absorbs visible light of 595
nm. Protein was determined in SDS-ME extract according
to the De Wreed and Stegmann (1981) method: protein
solution, containing 0.5 to 5.0 mg of protein, with a volume
of 50-500 pl; water was added and completed to 0.5 ml, and
0.5 ml of propanol 2-ol and 0.5 ml of alkaline H>O, mixed;
the solution was left at room temperature for 10 min; 0.5 ml
of Biuret reagent was added and mixed; the new solutions
were again left at room temperature for 30 min,
subsequently measurements were done at the absorbance of
550 nm. Bovine serum albumin was used as standard.

Preparation of samples for SDS-PAGE

Samples were boiled for 3 min with 4% SDS and 2%
ME (v/v) giving a final concentration of 2% SDS and 1%
ME, according to Afify and Ghali (1987).

Electrophoresis

SDS-PAGE 5% and 15% polyacrylamide (PAA) was
carried out according to Laemmli (1970) in Tris-glycine
buffer pH 8.3 with 0.1% SDS. Protein bands were stained
with Coomassie Brilliant Blue R 250 (0.1%) in 10% acetic
acid and 20% methanol. Gels were distained in 10% acetic
acid and 20% methanol. Electrophoresis was carried out in
vertical electrophoresis chamber unit with cooling system.

Statistical analysis

Data were subjected to an analysis of variance and the
means were compared using the Least Significant
Difference (LSD) test, at the 0.05 level, as recommended by
Snedecor and Cochran (1956).
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Results and discussion

General Chemical Analysis

The results in Tab. 1 showed that pollen pellets had
total carbohydrates ranged from 28.12 (maizeg) to 36.12
g/100 g fresh weight gunﬂower); and total chlorophyll
ranged from 5.85 (broad bean) to 6.07 mg/100g fresh
weight (maize). The pollen pellets of sunflower were
characterized by having high amounts of carbohydrates
(total soluble reducing and non-reducing sugars), total
chlorophyll and carotenoids, while the pollen pellets of
maize contained the highest value of fat (15.79 %) and
chlorophyll & (3.72 mg/100g fresh weight). On the other
hand, pollen pellets of broad bean contained the lowest
amounts of total chlorophyll (5.85 mg /100g fresh weight)
and carotenoids (1.91 mg /100g fresh weight) when
compared with the other pollen types. It was found that the
pollen pellets of sunflower were relatively rich in carotenoid
and could be utilized as carotenoids-rich source, since it was
well known that carotenoids were considered as pro-
vitamins. Broad bean pellets had the highest amount of
protein content, 48.31%. The lipid content ranged from
4.47% up to 15.7% according to pollen source. Low levels of
total soluble and reducing sugars for pollen pellets of maize
were observed. Higher protein contents, over 40%, were
found in all four types of Egyptian pollen pellets, which
were in agreement with the high protein content of 25.9%
in bee pollen, produced in the Southeast of Australia
(Somerville and Nicol, 2006). The greatest part of nitrogen
content in pollen was in the protein fraction, this being the
second most abundant group of nutrients, after the
carbohydrates. Therefore, proteins of pollen pellets were
fractionated and investigated for their ratio. As stated by
Somerville and Nicol (2006), the crude protein levels, of all
pollen pellets analysed, ranged from 9.2% (Hypochoeris
radicata) to 37.4% (Echium plantagineum), with a mean of
25.9%. Therefore, honey proteins could be used as chemical
markers of the floral origin of honey (Baroni ¢t 4., 2002) or
for higher levels of valuable minerals (Stanciu ez 4/, 2011).
The results were in agreement with Carpes e al. (2009)
who described that protein and reducing sugars were
20.47% and 48%, respectively, noted on different pollen

types.
pBased on the results upon the high protein content
(40.02 + 0.27 to 48.31 + 0.43%), reducing sugars (9.77 to
20.87) and lipid content (4.47 to 15.79%) it can be affirmed
that pollen could be an excellent food supplement (Tab. 1).

Tab. 1. General analysis of four types of pollen pellets

145
The lipid content of pollen pellets was similar to that found
in Hypochoeris radicata pollen, in the Southeast of Australia
(11.2%). The high content of reducing sugars in pollen
could be justified by the presence of honey or nectar in the
fluid )that cements the pollen grains (Stanley and Linkens,
1974).

Nucleic acids content of pollen

Results in Tab. 2 revealed that the content of RNA and
DNA markedly varied according to pollen source, since
cach pollen type had its specific protein pattern, as
previously discussed. It was clear that all pollen pellets
varieties contain relatively high quantities of RNA, which
were nearly three times equivalent to the content of DNA.
A positive relation between total extracted protein and total
nucleic acids was observed. For instance, pollen pellets of
broad bean, which contained the highest amount of protein
(48.31 £ 0.43 %), were characterized also by a high level of
total nucleic acids (168.91 mg/g fw). Nucleic acids content
was considered an important factor in developing hybrid
plants, for its favourable influence upon pollen tube
elongation and gene expression, which can help identify
previously unknown genes. All these should be valuable
focus points for further study of pollen’s development and
function (Rubinelli ez 4/, 1998).

Total free amino acids

Relative values of free amino acids from the four
Egyptian pollen types were considerably low (below 20%)
and ranged between 2.93 + 0.089 (sunflower) and 15.99 +
0.015 pmol/ mg fw (broad beans) (Tab. 2). Sunflower,
however, showed an extremely low level of total free amino
acid content, constituting just 2.93 + 0.089 umol/ mg fw of
the pollen. Broad beans contain the highest level of free
amino acids (15.99 + 0.015), followed by maize and
Egyptian clover (9.73 + 0.045) (Tab. 2). All four pollen
pellets showed a relatively high amount of free amino acids
in comparison to other, angiosperm families studied
(Mondal ez al., 2009). Proline was present as a major amino
acid in the pollen of almost all investigated taxa (Pfahler and
Linskens, 1970), while alanine, amino-n-butyric acid,
aspartic acid, glutamic acid, methionine, phenylalanine and
others represented different  predominant  forms.
Considerable amount of homology was observed in the
amino acid composition of the same family’s plants, the
homology being more pronounced within plants belonging
to the same genus. Thus, it can be concluded that the study

Pollen pellets sources

Constituents (%)

Sunflower Egyptian clover Maize Broad beans

Crude protein 40.78+2.12 43.42+1.87 40.02+1.93 48.3142.01
Crude fat 4.86+0.01 4.4740.02 15.79+0.009 10.09+0.03
Total carbohydrate 36.12+0.87 34.3240.98 28.12+0.68 33.56+0.99
Total soluble sugar 22.9740.02 22.45+0.03 10.80+0.01 20.28+0.02
Reducing sugar 20.87+ 0.11 20.5540.21 9.7740.23 19.18+0.08
Non reducing sugar 2.10+0.01 1.90+0.02 1.03+0.01 1.30+0.01
Chlorophyll a* 4.2540.04 3.48+0.03 2.35+0.04 2.30+0.02
Chlorophyll b* 3.3340.01 3.09+0.03 3.7240.02 3.55+0.02
Total Chlorophyll* 7.58+0.98 6.57+0.78 6.07+0.56 5.85+0.47
Carotenoids* 9.76+0.12 2.11+0.42 8.26+0.65 1.91+0.22

Note: *mg /100g fw



Afify AM.R / Not Sci Biol, 2014, 6(2):143-148

146

of such biochemical characters has laid the foundation for
further research on the genetically diverse groups of
organisms, which has exemplified a more definitive
approach than morphological observation when dealing
with similar species or families. Thus, free amino acids of
pollen pellets can be used as molecular markers.

Protein contents of different fractions of pollen

Quantity of pollen proteins of honey have been less
considered as an index of quality control of honey. Therefore,
studying protein bands by electrophoresis, as well as searching
for allergenic protein subunits, is very important for indexing
pollen pellets. The protein content of different extracted
fractions, i.e. albumin, globulin, urea soluble proteins and SDS-
ME soluble protein are presented in Tab. 3 and Fig 1. The
results showed that albumin and globulin fractions represented
the major constituents in different studied pollen pellets,
amounting 33.24-40.3% and 32.57-37.22% respectively. SDS
soluble protein showed minor amount and ranged between
5.96-9.83%. Total extracted protein reached its maximum
value (24.13g/100g) at broad bean, since globulin fraction
represents its highest value (27.22%) of the total extracted
protein, while the total extracted protein reached its minimum
value (19.53g/100g) in pollen pellets of maize, which also had
the maximum percentage of albumin (40.3%) in comparison
with the other pollen pellet types. The ratios of albumin to

globulin were generally the same in the four studied pollen
pellet varieties. Crude protein level of pollen pellets collected
by honey bees from different plants were variable and ranged
from 8-40% or 9.2-37.4% (Herbert, 1992).

As a general overview, it was apparent that the
aforementioned data indicated that different pollen pellets,
under study, contained relatively moderate amounts of protein,
carbohydrates, fat, pigments and minerals. It could be suggested
that pollen grains of each specific crop could be C(;%Eected
during every season, in suitable quantities, in order to study
their chemical composition, as well as for the preparation of
aqueous sterilized extracts, according to a standard technique.
The extracts could later be used in some clinical purposes.
Furthermore, with the help of pollen pellets’ chemical analysis
assemblages can be made correlating with previous studies
(Carpes et al., 2009). On the other hand, the results revealed
that lipid and protein constituents, taken as a group, may
provide a key for the identification of pollen pellet sources.

Electrophoretic separation of pollen pellets proteins

The protein profile of the pollen pellets of four major
plants sources has been developed. Separation of the protein
patterns with polyacrylamide gel electrophoresis was
carried out in order to identify the differences between the
four types of pollen and to analyse the allergic protein

subunits. The proteins were extracted consequently with

Tab. 2. Nucleic acid and free amino acids content of four types of pollen pellets (mg/100 gm fresh weight)

Total Total free amino Total protein
Pollen source RNA DNA nucleic acids acids (umol/mg fw) Nx6.25
Sunflower 34.47+0.76 11.34+0.12 45.81£0.35 2.93+0.089 40.78+0.23
Egyptian clover 86.48+ 0.59 28.4+0.23 114.90£0.10 9.73+0.045 43.42+0.22
Maize 27.53+0.64 9.73 £0.47 37.26+0.13 9.73+0.045 40.02+0.27
Broad bean 133.10+0.51 35.81+0.76 168.91£1.73 15.9940.015 48.31+0.43
Note: All values are significantly different from control at p> 0.05. Mean value of total free amino acid content (umol/ mg fw)
Tab. 3. Percentage of protein fraction of four pollen pellets
Protein fractions Pollen pellets sources
Sunflower % Egyptian clover % Maize % Broad beans %
Albumin(water soluble) 6.93 £0.13 33.24 8.3240.12 35.36 7.874£0.12 40.3 8.23+0.13 34.11
Globulin (Buffer soluble) 6.93+0.13 33.24 8.42+0.10 35.78 6.36+0.16 32.57 8.98+0.12 37.22
Urea soluble protein 5.08 £0.13 24.37 5.45+0.05 23.16 3.38+0.01 17.31 5.40+0.14 22.38
SDS Soluble protein 1.91£0.01 9.16 1.34+0.01 5.69 1.9240.06 9.83 1.5240.01 6.29
Total protein fractions 20.85%0.23 100 23.53+0.32 100 19.53+0.27 100 24.1310.23 100
Note: % Percentage = percentage of protein fraction related total soluble protein
msunflower
301 aclover
25 1 - mMaize
3 |
20 4 % ;‘:‘f‘ BBeans
N\
%‘10 | . [ %I::.‘"I'
04 & i & B & - N & E R —

Albumin (water Globulin (Buffer Urea (soluble
soluble) soluble) protein)

SDS (soluble

Albumin/
globulin ratio

Total protein

protein) fractions

Protein fractions
Fig. 1. Relative percentage of protein fractions of four pollen pellets
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water (albumin), Tris-borate and buffer (globulin), as shown in
Fig. 2.

s Water extraction was more efficient to extract most of
protein subunits (albumin fraction). The rest of un-extracted
protein was extracted with Tris-borate buffer (globulin
fraction). The cross linked proteins were dissociated to the
native molecular weights by using Tris borate buffer with SM
urea and SDS-ME 2%. The amount of these cross-linked
proteins represented 24.37% and 9.16% from the total soluble
protein, as shown in Tab. 1.

The electrophoretic separation of water and buffer extracts
of sunflower pollen showed the presence of 8 protein subunits,
which varied in their molecular weight between 67 and 4 KDa.
The molecular weights in sunflower pollen were identified as
67,53,55, 52,43, 32,28 and 4 KDa. Water and buffer extracts
of Egyptian clover pollen revealed the presence of 10 subunits,
with molecular weights of 70, 67, 60, 56, 51, 50, 43, 42, 39 and
16 KDa, while maize pollen contains four protein subunits,
with molecular weights of 51, 39, 35 and 4 KDa. On the same
time, broad bean pollen showed the presence of seven protein
subunits with molecular weights of 70, 67, 64, 56, 51, 43 and
15 KDa (Fig. 2).

From these results the protein structure of Egyptian clove
and broad bean pollens seems to be close to each other. As it is
well known, each plant family has its specific protein profile; on
this basis, an unknown pollen pellets source could be identified
and related to a specific family, according to its protein profile.

The water extract was found to induce a highly proteasome
activity, showing interesting antioxidant properties (Graikou ez
al, 2011). As stated by Nazarian ez 4. (2010), the molecular
weight of pollen protein expanded from low 14.40 KDa to
high 116 KDa. Our results are in agreement with Porter
(1981), who stated that SDS gel separates the soluble protein of
pollen maize, and represented 17 major bands ranging in size
from 80.000 to less than 12400 KDa. The soluble proteins
(albumin and globulin) were high in protein content, with
more than 60% of the total soluble protein. A new major
protein, with an approximate molecular weight of about 35
KDa was detected in two varieties (C. arizonica var. ‘arizonica’
and C. arizonica var. ‘glabra’). Immuno-blotting using the
serum of a cypress allergic subject, showed that the protein with
35 KDa was also the major allergen of both varieties in pollen
extracts, and it approved the presence of this protein in maize
pollen (Shahali ez 4/, 2007). On the other hand, protein with
45 KDa has been reported as the most representative protein in
pollen extracts of Mediterranean countries.

Our results proved the presence of this protein with 45
KDa in sunflower, Egyptian clove and broad beans, while it is
absent from maize pollen (Shahali ez 4/, 2007). The insoluble
protein fraction was treated with urea or SDS and subjected to
electrophoresis, but suffered high interference from the
presence of large amounts of starch and polysaccharides, and so
it is not shown. The insoluble protein (urea and SDS soluble
protein) were low in protein content, with less than 40% of the
total soluble protein. The soluble protein patterns differ not
only qualitatively, but quantitatively also. Three major low
molecular weight bands of the soluble proteins represent 28-
30% of the total soluble fraction (Porter, 1981), while those
bands comprise only 5-6% of proteins; this result lead to the
conclusion that they represent different compartments of
the pollen grain. Specifically, the urea and SDS soluble

proteins are well bounded and the soluble proteins are
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Fig. 2. Electrophoretic separation of albumin and globulin
fractions of four pollen pellets: 1 - albumin; 2 - globulin

cytoplasmic. Three different extracts of Greek pollen have
been tested in whether could induce proteasome activities in
human fibroblasts. The water extract of pollen was found to
induce a highly proteasome activity (Graikou ez al, 2011)
showing interesting antioxidant effect because of flavonoids
and phenolic acids, which indicate the observed free radical
scavenging activity (Carpes et al., 2009).

Conclusion

In order to have beneficial effects, honey must be free of any
contaminating agents, such as heavy metals or pesticides above
the admitted levels by pollution standards, and to be safe for
human health. Bees, and their products, may be used as
biological indicators of the environmental pollution existing in
the area where they fly. Our investigations show appreciable
differences between protein components of the four pollen
pellets; this indicate that the environmental conditions have an
important influence on pollen protein contents. The
confirmation of these aspects would facilitate the preparation
of an effective extract that could help improving the diagnostic
precision of the allergenic protein subunits to pollen varieties,
and could be useful for the preparation of cypress pollen

allergen extracts intended for clinical applications.
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