Foto di Giuliamar

*Gian Luigi Gianfranceschi

Abstract

he study describes the

I search for biologically ac-

tive molecules in wheat
sprouts. In particular, mass spec-
trometry analysis of fractions of
wheat sprout extracts purified
by HPLC shows two peptides
with [MH*] = 572 and 541, re-
spectively. These peptides were
sequenced and synthesized.
The proposed structures show
two pentapeptides with blocked
N- and C-terminals and a highly
reactive cysteine. The potential
biological activity of the isolat-
ed peptides suggests a redox
regulation of functional intracel-
lular proteins.

INTRODUCTION

In recent decades increasing
researches on the function-
al properties of natural com-
pounds have been reported
(1,2). Among the various classes
of active compounds, proteins
and peptides are of consider-
able interest. In particular pep-
tides and proteins are studied
for potential models of pharma-
cological and nutraceuticals ac-
tive molecules. This is prompted
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The complex anatomy of the eye. In gray, is the crystalline lens.
The reported peptide activi_ty is directed to inhibit the oxidation of lens proteins, which leads to increase lens opacity and

consequent cataract formation.

by the high degree of biodiver-
sity of peptides and proteins,
linked to amino acid sequences
and structure (3). The peptide
biodiversity is also increased by
the peptide structure flexibility
(4). Accordingly the peptides
show various activities including
antiproliferative, antihyperten-
sive, antimicrobial, antioxidant,
anticholesterometic , opiomid
and antidiabetic activities.

A number of biochemical re-
quirements must be met to
give nutraceutical efficacy to
low molecular weight peptides.
Biochemical requirements of
bioactive peptides for nutra-
ceutical efficacy have been de-
scribed (5).

The peptide structure may be
stabilized in one or some specif-
ic conformations by the binding

A
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with specific ligands ( 6).
However the biological and
therapeutical properties of pep-
tides can be quenched or mod-
ified by their low bioavailability.
Three main factors can influ-
ence peptide bioavailability in
vivo : @) The peptide structure
can be degraded by exo and
endopeptidase. Interestingly
we (7) and other (8) laborato-
ries demonstrated that blocked
N- and C-terminals are able to
protect the structure from pro-
teolitic digestion.

b) Many peptide structures are
poorly permeable to cell mem-
brane. The binding to peptide
N-terminal of cell-permeable
motifs has been reported .

c) Oligopeptides can be quickly
eliminated by kidney functions (9).
In this context as a research

group at the Universities of
Camerino and Perugia, we re-
ported that peptide molecules
present in animal and vegetal
tissues are responsible of spe-
cific biological activities in-
cluding the control of gene ex-
pression and cell proliferation
in cancer cells in vitro (10-14).
Subsequently we observed that
aqueous wheat sprouts extract
exerts potent antioxidant and
antinflammatory activity (15-
16). Experiments performed on
the cataract of old dogs showed
that the daily assumption of 3 g
of wheat sprout powder for 30
days significantly reduces the
lens opacity (from 25 to 40%).
This is in agreement with data
reported in the international lit-
erature according to which the
cataract is caused by cross link-
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ing between the lens proteins
due to oxidative process (17).

Moreover the effect of wheat
sprout extract on NO produc-
tion in RAW264.7 cells induced
by Lipopolysaccharide (LPS)
was tested and compared with
that of an anti-inflammatory
drug of common use, which is
the Diclofenac (DCF). The ob-
tained results demonstrate that
the inhibition shown from the
extract at the concentration
Tmg/ml is almost comparable to
that of the DCF 50 Qg /ml, while
the extract concentration of 5
mg/ml has an effect absolutely
comparable to that performed
by the DCF 100 Qg/ml. Consid-
ering that DCF is a pure mole-
cule while the extract contains
a mixture of molecules, the an-
ti-inflammatory effect of wheat
sprouts seems really remark-
able. Interestingly the extract
at the concentrations utilized is
not cytotoxic, on the contrary
diclofenac (100 micrograms/ml)
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shows a cytotoxicity of about
30% (18). In addition a prelim-
inary clinical experimentation
on the endothelial function in
moderately hyperlipidemic pa-
tients demonstrated that wheat
sprout administration does
not significantly modify the
lipid levels; only triglycerides
and cholesterol LDL levels are
slightly decreased. Vice ver-
sa the treatment with wheat
sprout powder causes a signif-
icant increase of flux mediated
vasoactivity (VFM, +38%) with
a parallel decrease of some bio-
chemical markers of endothelial
dysfunction (“intercellular ad-
hesion molecules” ICAM, -35%)
9).

The activity of wheat sprouts
extract is usually titred by some
tests: a) superoxide ion radi-
cal scavenging; b) inhibition of
TBARS production (thiobarbi-
turic acid reactive substance);
c) titration of ROS (oxygen re-
active species) in HuDa cells

(Human dermal cell line) and
Hep G2 cells (human liver carci-
noma cell line); d) antinflamma-
tory activity in Raw 264.7 cells
induced by Lipopolysaccharide.
The strong antioxidant activity
exerted by the extract is for 70%
due to antioxidant peptides.
The structure of the peptides
extracted from wheat sprouts
and fractionated by HPLC was
analyzed by mass spectrometry.
Within the range of possible
biological activities exerted by
peptides the tripeptides AcGly-
Phe-Asn(OH) and AcGly-Phe-
Asn(NH,) have been tested /in
vitro for their antiproliferative
activity on human breast ad-
enocarcinoma cells (MDA-MB
231) and human dermal fibro-
blasts (HuDe) (20). The results
show that these peptides sig-
nificantly affect the proliferation
of MDA-MB 231 and HuDe cells
in different manner indicating
that C-terminal amidation plays
a critical role.

Fig. 1

Abbazia

di San
Benedetto de’
Frondigliosi,
Castelplanio
(AN).
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Fig. 2

Wheat seeds
sprouted

for 3-5 days
on soft agar
(0.8-1%).

Foto di adege

Triticum aestivum. The researchers have observed that agueous wheat sprouts extract exerts potent antioxidant and antinflamma-

tory activity

In the framework of research
developed to isolate and char-
acterize active molecules pres-
ent in wheat sprout extracts,
some low molecular weight ac-
tive peptides have been isolat-
ed (21-22). Along this research
line, in 2006 we organized a
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conference in Castelplanio (An)
at the Abbey of San Benedetto
de’Frondigliosi (Fig.1) to discuss
prospects and possible applica-
tions of these studies.

In this paper we report the isola-
tion of two pentapeptides from
wheat sprouts and the protec-
tion carried out by the blocked
N- and C-terminals against hy-
drolysis by proteolytic enzymes.
Moreover the potential mecha-
nism of their biological activity is
provided .

EXPERIMENTAL
PROCEDURES

Preparation of wheat sprout ex-
tract

The wheat seeds sprouted for
3-5 days on soft agar (0.8-1%)
(Fig.2) are dehydrated and the
sprouts mechanically separated

from the seeds and finely ground
(see “ll germoglio di grano: un
meraviglioso laboratorio natu-
rale” Natural 1, Giugno 2004,
pag. 48-53) . Wheat sprout pow-
der extract is prepared by sus-
pending 20 g of powder in 400
ml of water/ethanol (30:70, v/V).
The mixture was homogenized
by means of a Waring Blendor
and centrifuged at 10000g for
30 min at 4°C. After storage at
-20°C overnight, the extract was
again centrifuged at 10000 g for
30 min at 4°C. The ethanol was
then removed by evaporation
and the agueous residue freeze-
dried.

HPLC RP analysis of wheat
sprout extract

The hydroalcoholic extract of
wheat sprouts is fractionated by
HPLC using a semipreparative



column C18 (150 mm x 10mm)
(Phenomenex, Torrance, CA,
USA).

The column was balanced with
0.1 % trifluoroacetic acid/aceto-
nitrile (97:3, v/v). After 6 minutes
of isocratic elution, a gradient
from 3 to 20% acetonitrile was
applied in 50 min. Flow rate 2.5
ml/min. About 25 fractions were
isolated.

Analysis by mass spectrome-
try of HPLC fractions obtained
from wheat sprout extract

The fractions obtained from
HPLC, freeze-dried, were solu-
bilized in methanol and injected
for electrospray mass spectrom-
etry analysis: LCQMS THERMO-
QUEST/ESI-ION  TRAP  mass
spectrometer, capillary tempera-
ture 220°C, capillary voltage 10
V, spray voltage 4kV, collision
energy 17 to 23 keV.

The main ions detected by the
mass analysis were isolated and
subjected to further analysis.
Overall, 2, 39 and 4% genera-
tion ions were used.

As far as the study of peptide
structure is concerned, the anal-
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ysis was carried out with a re-
cently described automatic com-
binatorial method (23), which
can perform the calculation of
all amino acid sequences com-
patible with a given molecular
ion. The possible sequences of
these compounds are obtained
automatically by considering the
mass of ions that may be poten-
tial degradation products.

The structure of peptides ob-
tained by mass spectrometry
analysis represents molecular
models of peptide molecules
present in wheat sprouts.

Peptide stability in solution

To test the peptide stability in
solution the synthesized pep-
tides were solubilized at the
concentration of 10 mM with H,O
and the stock solution stored at
—20 °C until use. The determina-
tion of peptide stability in heat
inactivated FBS (HI-FBS) was
carried out as follow. Synthetic
peptide, at the final concentra-
tion of 500 QM, was incubated
with 10% HI-FBS in PBS solu-
tion in a total reaction volume
of 200 QL at 37°C. At pre-es-

tablished time aliquots of 20 QL
were withdraw and injected, for
reverse phase HPLC analysis.
Chromatographic analysis was
performed on Beckman HPLC
System Gold Nouveau equipped
with a 168 UV detector.

The fragments of the peptide
degraded by enzymatic hydroly-
sis usually show an HPLC elution
rate different from that of the in-
tact molecule.

Accordingly the presence ( and
the area ) of peptide peaks from
HPLC with elution rates different
from those of undegraded pep-
tide is monitored.

RESULTS AND DISCUSSION
The mass spectrometry analysis
of wheat sprouts extracts, puri-
fied by HPLC, shows two main
jons with m/z 572 (Peptide A)
and 541(Peptide B), respectively
(Fig.3).

The fragmentation pattern of the
jion with m/z 572 (A) shows the
following result :

A - Molecular ion [MH*]= 572

lon fragments: 393.0, 3481,
260.1, 245.4
Consistent sequence: AcHis-

Courtesy of https://whperron.com/

The isolated
wheat sprouts
peptides have a
more hydropho-
bic structure so
probably they
could interact
with the cell
membrane and
regulate the ac-
tivity of certain
proteins suscep-
tible to redox
control.

9
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Ala-Asn-Cys-SerNH,
AcHisCO-NHAlaCO-NHAsn-
CO-NHCysCO-NHSerNH,

=572

=NHAlaCO-NHAsnCO-NHCys-
CO-NHSerNH, m/z = 393

#=CO-NHAsnCO-NHCys-
CO-NHSerNH, m/z = 348

In this structure, the ion m/z
393 (391+2H*) should be the
C-terminal fragment that cuts
at the level of the 2nd amino
acid (alanine) at the peptide
bond AcHis=Ala. The fragment
m/z 348 cut before the peptide
bond with asparagine,
ing the NH/CH3/CH structure
of the alanine attached to the

AcHis-terminal.

B - Molecular ion [MH*] = 541
363.3,

lon fragment:
203.2,178.2

Possible sequence : AcHis-Ala-
Asn-Cys-GlyNH,

This sequence is 80% similar to
that of peptide A. It is highly
likely that the ion m/z 541 orig-
inates from the ion m/z 572 by
cleavage of the serine lateral
chain. The 393 fragment de-
tected in sequence 572 would
become ion 363. The C-terminal
fragment with m/z 363 could
then be cleaved, leaving the
NH of the peptide bond in the
N-terminal fragment: AcHis-Al-
aCO-NH=
AcHisCO-NHAlaCO-NHAsn-
CO-NHCysCO-NHSer(-c.l.=30)
NH, m/z = 541
=AlaCO-NHAsnCO-NHCys-
CO-NHSer(-c.l.=30)NH, m/z
=347(348)

It should be observed that in

the case of detachment of the
lateral chain (-NH,-CO) the ser-
ine shows a structure similar to
glycine.

The peptides A and B were syn-
thesized.

The resistance to proteolytic hy-
drolysis of pentapeptides A and
B with blocked N- and C-ter-
minals has been subsequently
measured. The pentapeptides
with blocked terminals are al-
most completely resistant to
degradation by serum prote-
ases. These data are in agree-
ment with the results reported
by Quassinti et al. (7) and by
Brinckerhoff et al (8) according
to which blocked N- and C-ter-
minals are able to protect the
structure from proteolitic diges-
tion.

Fig. 3 Mass
spectrum of
wheat sprouts
extract purified
by HPLC.
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Moreover the synthesized pep-
tides A and B show high affinity
for the formation of dimers, in
PBS and much more in fetal bo-
vine serum (FBS), via a bridge
-S-S- between the sulfhydryl
groups of two molecules of the
peptide.

Peptides were incubated at
37°C in presence of 10% Heat
Inactivated - Fetal Bovine Se-
rum (the same concentration of
serum present in the cell culture
medium used in in vitro tests
) and the hydrolytic products
were analyzed by HPLC.

The kinetic of dimers formation
show that after 4 hrs of incuba-
tion in FBS, about the peptide
50% is dimerized.

After 24 hrs of incubation the
peptide dimerization is almost
complete. This result is con-
firmed by the observation that
the peptide dimerization can be
reversed by adding beta-mer-
captoethanol at the final con-
centration of 1T mM..

Further tests proving the di-
merization of peptide B were
carried out by collecting the el-
uate from the chromatographic
column corresponding to the
peak with a retention time of
27.017 min. Negative-ion mass
spectrometry analysis revealed
a m/z value of [MH] 10771 cor-
responding to the dimer of pep-
tide B.The addition of beta-mer-
captoethanol (0.4 mM) reduced
the presence of the dimer with
the appearance of peaks having
m/z of 539.0 [M-H"] correspond-
ing to peptide B and to complex
beta-mercaptoethanol-peptide
B withm /z 614.8[MH1].

A possible biological activity
of the peptides isolated from
wheat sprouts is based on the
evidence that several intracellu-
lar markers containing residues
of cysteine can be regulated by
redox mechanisms. The scheme
of protein redox regulation is re-
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ported:

Protein-SH + Ligand-SH < Pro-
tein-S-S-Ligand <= Protein-S-
S-Ligand + Peptide-SH < Pro-
tein-SH + Peptide-S-S-Ligand (
or Peptide-S-S-Peptide).

(L= Ligand containing a cyste-
ine).

Some examples concerning the
redox regulation of functional
proteins are described

- dimerization of antiviral pro-
tein BST-2 that confers anoikis
resistance to breast cancer cells
24)

- biological properties of chime-
ric interferon-o2b peptides (25)
- growth hormone receptor ac-

tivation based on subunit ro-
tation within a receptor dimer
-2SH a-S-S- (26)

-regulation of antigen 85 C ac-
tivity by reversible glutathioni-
lation (27)

-the tyroid transcription factor |
is redox regulated (28)

-redox modification of cysteine
residues that regulates the cy-
tokine activity of high mobility
group box -I(HMGB1) (29)

The possibility of regulating
some of these intracellular mol-
ecules by incubation with
glutathione is hindered by the
fact that glutathione is imper-
meable to the cellular mem-
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brane. The isolated wheat
sprouts peptides have a more
hydrophobic structure so prob-
ably they could interact with the
cell membrane and regulate the
activity of certain proteins sus-
ceptible to redox control.

In conclusion, from a function-
al point of view, the main pep-
tide activity may concern the
redox regulation of proteins
The peculiarity of the isolated
peptides containing an highly
reactive cysteine is based on
the potential ability to form a
dimer with biologically active
proteins containing a functional
cysteine. Moreover the synthe-
sized peptides show structural
characteristics with blocked ter-
minals that are important for in-
creasing the peptide resistance
to protease attacks. This is in
agreement with the reported
peptide activity (17) directed to
inhibit the oxidation of lens pro-
teins, which leads to increase
lens opacity and consequent
cataract formation (30-31).
More generally, the anti-aging
activity of the peptide on dys-
functions caused by protein oxi-
dation is supported.

* CENTRO STUDI GIUSEPPE GIANFRAN-
CESGHI Associazione di Ricerca impeg-
nata nello studio di germogli di cereali
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