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Abstract
Antioxidant agents and cholinesterase inhibitors are the foremost drugs for the treatment of Alzheimer’s disease (AD). In this
study, a new peptide from Ziziphus jujuba fruits was investigated for its inhibitory activity against acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE) enzymes as well as antioxidant activity. This peptide was introduced as a new peptide and named
Snakin-Z. The Snakin-Z displayed considerable cholinesterase inhibition against AChE and BChE. The half maximal inhibitory
concentration (IC50) values of Snakin-Z against AChE and BChE are 0.58 + 0.08 and 0.72 + 0.085 mg/mL, respectively. This
peptide has 80% enzyme inhibitory activity on AChE and BChE at 1.5 mg/mL. The Snakin-Z also had the high antioxidant activity
(IC50 ¼ 0.75 + 0.09 mg/mL). Thus, it is suggested that Snakin-Z may be beneficial in the treatment of AD. However, more
detailed researches are still required as in vivo testing its anticholinesterase and antioxidant activities.
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Introduction

Peptides are the important compounds of innate immune systems

in all creatures.1,2 These agents have broad biological activity such

as antibacterial,3-5 antifungal,6-8 antiviral,9-11 anticancer, antioxi-

dant, spermicidal, and so on. Recently, researchers focused on

potential neurobiological activities of peptide vaccine.12 Demen-

tia is a clinical syndrome caused by disorders that affect the

brain.13,14 Alzheimer’s disease (AD) is the most common type

of dementia.15,16 Evidence show that the inhibition of 2 common

enzymes in brain, acetylcholinesterase (AChE) and butyrylcholi-

nesterase (BChE), is suitable for the treatment of AD.17 But pres-

ent cholinesterase inhibitors have injurious side effects. On the

other hand, oxidative stresses lead to neurodegenerative diseases

such as AD.18,19 Hence, discovery of new drugs for the treatment

of AD is necessary. On the Earth, there are 250 000 to 500 000 spe-

cies of plants that some of them are the part of both animal and

human food chain, while many others are used for medical pur-

poses.20,21 Medicinal plants have been always appealing targets

for discovery of new bioactive molecules.22 Different parts of

medicinal plant such as fruits, leaves, and seed are used as potent

drugs for the treatment of different diseases such as infections,

pain, hemorrhage, and so on. Many researches were done on plants

in order to discover new drug candidates with neuroprotective

activity. Zizyphus jujuba is a small tree with eatable fruit.23,24 Its

dried fruits are used as sedatives, anticancer, antipyretic, analgesic,

appetizer, antihemorrhage agents, and as the tonic as well.25-27 In

Chinese medicine, Zizyphus fruit is used for strengthening liver

function. Similarly, in Iranian traditional medicine, its fruits are

widely used in treating infectious diseases as well as cold.28

On the basis of necessity of novel candidate for AD therapy

as well as regarding the different biological activities of

immune system peptides, the purpose of the present study is
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purification of peptides, from Zizyphus jujube fruits, with

appropriate neurobiological effects especially antioxidant and

anticholinesterase activity.

Materials and Methods

Preparation of the Protein Extract

In order to obtain the extract, jujube fruit was first soaked in water

and then crushed in a porcelain mortar, and a homogeneous solu-

tion was finally achieved. The excess salts were removed by cen-

trifugation later, and the extract was filtered by filter paper. Jujube

fruit extract was brought from 0% to 85% concentration according

to the standard ammonium sulfate precipitation and was saturated

with salt via gentle agitation at 4�C. Under this condition, proteins

of the extract were suspended in solution as colloidal particles. The

deposits containing small and large proteins in the solution were

then collected with the help of recentrifugation (12 000 rpm

for 20 minutes) and were dissolved in 5 mmol/L phosphate-

buffered saline buffer at pH 6.8. To isolate low-molecular-

weight compounds, the protein extract was passed through an

ultramembrane with a 10-kDa cutoff. The filtrated solution was

concentrated using a 1-kDa ultramembrane and lyophilized.

Figure 1. Purification of peptides from Zizyphus jujuba fruit. A, Sephadex G-50 gel filtration of plant extract was applied on a Sephadex G-50
column equilibrated with phosphate buffer (0.1 mol/L, pH 6.0). B, The peak 4 (indicated with asterisk), with anticholinesterase activity from
Sephadex G-50, was further purified on a C18 reverse phase-high-performance liquid chromatography (RP-HPLC) column. A 400-mL aliquot of
filtrated extract from gel filtration was loaded onto a semipreparative C18 reverse phase column. Elution was performed using solution A (0.1%
TFA in water), combined with a 5% to 65% gradient of solution B (0.098% TFA in acetonitrile) over a period of 70 minutes, at a flow rate of 1 mL/
min. The absorbance was monitored at 220 nm, and the fractions were tested for anticholinesterase activity. The active peak has been indicated
by an arrow. This peak was named Z (Zizyphus jujuba). TFA indicates trifluoroacetic acid.
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Figure 2. DPPH radical scavenging activity (%) of Snakin-Z from Zizi-
phus jujuba fruits. butylated hydroxyanisole (BHA) is positive control.
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Peptide Isolation and Purification

For the purification purpose, the peptides were lyophilized, and

the extract was dissolved in 10 mL phosphate buffer (0.1 mol/L,

pH 6.0þ 5 mmol/L EDTA). The sample was applied to a Sepha-

dex G-50 gel filtration column. Elution was performed with the

same buffer. The spectrophotometric absorbance of the elute

was monitored at 280 nm. According to the absorbance at 280

nm, the fractions were collected and lyophilized. For further pur-

ification, the peak-containing active peptide was dissolved in the

smallest possible volume of distilled water and purified using a

C18 semipreparative reverse phase high-performance liquid

chromatography (RP-HPLC) column. Elution was performed

using solution A (0.1% trifluoroacetic acid [TFA] in water),

combined with a 5% to 65% gradient of solution B (0.098% TFA

in acetonitrile) over a period of 70 minutes, at a flow rate of 1

mL/min. According to the absorbance at 220 nm, the fractions

were collected and lyophilized. To evaluate the purity of experi-

mental product, a small amount of each peak was checked on the

analytical C18 column using RP-HPLC. Each fraction was tested

for its antimicrobial activities.

Sodium Dodecyl Sulfate Polyacrylamide Gel
Electrophoresis

The electrophoretic pattern of the crude extract and purified

peptide was evaluated on Tricine-sodium dodecyl sulfate poly-

acrylamide gel electrophoresis (SDS-PAGE) as described in

the previous articles.29 Briefly, a 6.5% (w/v) stacking gel and

a 2 parts of 10% and 15% (w/v) separating gel were employed,

and then silver staining was used for staining of the gel.

Neurobiological Assay

Cholinesterase Inhibitory Activity. The AChE and BChE inhibitory

activity of purified peptide was determined. This in vitro deter-

mination was done by microtiter plate assays30 but with slight

modifications. In this assay, AChE and BChE inhibitory activity

Figure 3. Acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) inhibitory activities (%) of Snakin-Z from Ziziphus jujuba fruits.
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of the peptide was determined. In this method, stock serial dilu-

tions of 0.05 to 1.5 mg/mL (0.05, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, and

1.5 mg/mL) of the peptide were prepared, and 20 mL of the pep-

tide stocks were added to 140 mL of sodium phosphate buffer

(pH 7.6, 0.1 mmol/L), 20 mL of 5,50-dithiobis-(2-nitrobenzoic

acid) (DTNB), and 20 mL of AChE solution, which was then

poured into a 96-well microplate. Then, this plate was incubated

at 25�C for 20 minutes. After this time, the absorbance of each

well was read at 410 nm using an enzyme-linked immunosor-

bent assay reader. The substrate of AChE, acetylthiocholine

iodide, was added to the incubated solution. The enzyme pro-

duces thiocholines ions, and then this ion react with DTNB, and

yellow 5-thio-2-nitrobenzoate anion was formed. This colored

solution has absorption at 410 nm. This absorption is criterion

of enzyme activity. Similarly, this method was done for the

assessment of inhibition of peptide on butyrylcholinesterase

activity. Galanthamine was used as the positive control.

The percentage inhibition was calculated with the following

equation:

Inhibition %ð Þ ¼ 1� Asample=Acontrol

� �
� 100

In this equation, Asample is the absorbance of the treated

enzyme with peptide, and Acontrol is the absorbance of the blank

(ethanol in phosphate buffer pH ¼ 8). The half maximal inhi-

bitory concentration (IC50) was defined as peptide concentra-

tion that provides 50% inhibition.

Antioxidant Activity. For assessment of radical scavenging activity

of isolated peptide, synthetic radical di(phenyl)-(2,4,6-trinitro-

phenyl)iminoazanium (DPPH) was used. Radical DPPH was

dissolved in methanol (0.15 mmol/L), and then 180 mL of DPPH

solution was added to 20 mL stock serial dilutions of the peptide

(0.05, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, and 1.5 mg/mL) into microplate

and was mixed with vortex. The plate was placed in the dark at

room temperature for 30 minutes. Then, the absorbance was

determined at 570 nm. The butylated hydroxyanisole was used

as a positive control.24 The ability to inhibit DPPH in percentage

was calculated using the following equation:

Radical scavenging activity %ð Þ ¼ ½ðAcontrol � AsampleÞ=Acontrol�
� 100:

In this equation, Acontrol is the absorbance of control (180 mL

DPPH radical þ 20 mL methanol), and Asample is the absor-

bance of the treated DPPH with peptide. Similarity to enzyme

inhibitory activity, the peptide concentration that provides 50%
inhibition was defined as IC50.

Sequencing

Peptide sequencing was carried out using mass spectrometry

(MS), in positive ionization mode on a matrix-assisted laser

desorption/ionization time of flight (MALDI-TOF)/TOF

instrument. Purified and lyophilized peptide was reconstituted

with 10 mL of 0.1% TFA (v:v). A 1-mL aliquot of each peptide

solution was applied directly to a ground steel MALDI target

plate, followed immediately by an equal volume of a freshly

prepared 5 mg/mL solution of 4-hydroxy-a-cyano-cinnamic

acid (Sigma, city of York, England) in 50% aqueous (v: v) acet-

onitrile containing 0.1% TFA (v:v). Bruker flex Analysis soft-

ware (version 3.3) was used to perform the spectral processing

and peak list generation for both the MS and the MS/MS spec-

tra. De novo sequencing was performed by hand, allowing for a

maximum mass error of 0.5 Da for any given fragmentation

ion. Deduced b- and y-ion series were overlaid onto their frag-

mentation spectra using the Bruker flex Analysis software (ver-

sion 3.3).

Phylogenetic Analysis

Ten amino acid sequences of the experimental peptides from

different species were obtained from the antimicrobial peptide

database (http://aps.unmc.edu/AP/main.php). These sequences,

along with those for new peptide, were aligned using the basic

local alignment search tool (BLAST) program; the alignment

was then adjusted manually. A phylogenetic tree was obtained

from the CLC main workbench Ver.5.5 software using the

neighbor-joining method. Bootstrap analysis, with 100 replica-

tions, was performed on the phylogenetic tree to estimate the

reproducibility of the tree topology.

Results

Purification and Neurobiological Assay

Totally, 7 peaks were collected from a Sephadex G-50

(Figure 1A), and the neurobiological activity showed that the

Figure 4. Tricine-SDS-PAGE of raw extract (1), active fraction (peak
4) from gel filtration column (2), purified peptide from C18 reverse
phase-high-performance liquid chromatography (RP-HPLC) column
(3), and size marker (4). A, Trypsinogen (23 kDa); B, lysozyme
(14 kDa); and C, insulin (5.8 kDa).
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peak number 4 has inhibitory activities against 2 tested enzyme,

AChE and BChE, as well as antioxidant activity. Thus, for fur-

ther purification, this peak was loaded in RP-HPLC column, and

5 common peaks were obtained from this separation that was

shown in Figure 1B. The peak 1(z) has antioxidant and anticho-

linesterase activity. These activities have been illustrated in

Figures 2 and 3, respectively. So, this peak, eluted from the

HPLC, was collected and subjected to MALDI-TOF mass spec-

trometric analysis.

Tricine-SDS-PAGE

Figure 4 shows the electrophoretic pattern of the crude extract

and purified peptide on SDS-PAGE. According to this figure, a

sharp band was obtained with a molecular weight less than that

of insulin (5.8 kDa). This result is well overlapping with those

of acquired molecular weight from peptide sequencing.

Structural Properties

The peak 1(z), marked by an arrow in Figure 1B, was subjected to

amino acid sequencing analysis by MS. The MS/MS spectrometric

analysis of the peptide was shown in Figure 5. This peptide consists

of 31 amino acids and its sequence is CARLNCVPKGTSGN

TETCPCYASLHSCRKYG. Our obtained peptide was compared

with other reported peptides. This peptide shows no 100%
sequence homology to any reported peptide in the database, sug-

gesting that it is novel.

Phylogenetic Analysis

Multiple sequence alignment of new peptide was done along

with 10 antimicrobial peptides from different species. The

results are illustrated in Figure 6A. The BLAST search shows

that this peptide has similarity to antimicrobial peptide Snakin-

2 from Solanum tuberosum to some extent.8 Phylogenetic anal-

ysis of the amino acid sequences was done by constructing a

phylogenetic tree. This peptide is most similar (66% identity)

to Snakin-2 from S tuberosum (Figure 6B). According to these

data, this peptide is a new peptide, identified for the first time

by our research group. Thus, the new peptide was named

Snakin-Z, based on a systematic nomenclature for bioactive

peptides.31

Antioxidant and Cholinesterase Inhibitory Activity

The antioxidant activity of peptide was examined by free rad-

ical (DPPH) scavenging test in the well. The result indicated

that the new peptide presented a certain degree of antioxidant

activity.

Figure 2 shows the DPPH radical scavenging activity of the

new peptide. As shown in this figure, DPPH radical scaven-

ging of Snakin-Z was 78.2% + 2.95% at concentration of

1.5 mg/mL.

The IC50 values of this peptide (concentration of the peptide

that scavenges half of the DPPH radical) are shown in Table 1.

As shown in this table, the IC50 value of DPPH radical-

Figure 5. Identification of the molecular mass and amino acid sequence of the new peptide from the fruit of Ziziphus jujube using matrix-assisted
laser desorption/ionization time of flight (MALDI-TOF) spectrometer.
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scavenging activity was found to be 0.75 + 0.09 mg/mL. The

result showed that Snakin-Z had low IC50 values in antioxidant

assay which indicate its good antioxidant potential. The

obtained peptide could be able to quench DPPH radicals and

exhibited an antioxidant activity.

Moreover, the new peptide Snakin-Z showed potent choli-

nesterase inhibitory activity. The results of the AChE and

BChE inhibitory activities of the tested new peptide are shown

in Figure 4. As shown in this figure, this new peptide has inhi-

bitory activity against these enzymes. The IC50 values of the

peptide indicating AChE and BChE inhibitory activity are pre-

sented in Table 1.

Snakin-Z exhibited the inhibition against AChE with IC50

of 0.58 + 0.08 mg/mL. The IC50 value of this peptide was

also found to be 0.72 + 0.085 mg/mL against BChE. Low

IC50 values are indicative of good inhibition of the enzymes.

Discussion

Zizyphus jujuba is a medicinal plant. The fruits of this plant are

used as sedatives, anticancer, antipyretic, analgesic, appetizer,

antihemorrhage agents, and so on.25-27 Polysaccharide and pro-

tein content of these fruits also have biological activity.24,32-35

There are a small number of studies on neurobiological activity

Figure 6. The alignment and phylogenetic tree of Snakin-Z. A, The alignment of amino acid sequences of Snakin-Z with the sequences of other
antimicrobial peptides. The alignment was carried out with CLC Main Work Bench Ver.5.5 software. B, Phylogenetic tree of Snakin-Z. Amino
acid sequences of the 10 reference peptides obtained from the APD database were incorporated into the tree using the neighbor-joining
method. The name of each sequence is typed at the end of the corresponding branch. Reliability of the tree was assessed by bootstrap analysis
with 100 replications. The substitutions per amino acid position are typed above each branch.
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of Z jujuba fruits. In this study, protein and peptide content of

Z jujuba fruits was isolated and purified. Then, their neurobio-

logical activity (antioxidant and cholinesterase inhibition) was

assessed. Oxidative stress occurring by different mechanisms

and cholinesterase activity is connected with AD.36-38 So, anti-

oxidant and cholinesterase inhibitory compound are suitable

for the treatment of this disease. In the current study, the new

bioactive peptide was identified and purified from Z jujuba

fruits. Large numbers of peptides with different structures and

functions such as cyclotides, glycine-rich proteins, snakins,

albumins, and purothionin from plants have been reported.39-42

These peptides have different biological activities. In this

study, 1 novel peptide was discovered. Primary structural char-

acterization of the new peptide revealed that it was the member

of defensin-like Snakin-2. Thus, based on a recent nomenclature

recommendation by Conlon, the present peptide was named as

Snakin-Z.31 This peptide has the highest potent activity in inhi-

biting the activity of AChE and BChE enzymes. This peptide

also showed an effect on ions’ DPPH radical quenching. The

sequence of peptide and protein affects the antioxidant activ-

ity.43-45 Existence of hydrophobic amino acids in sequence have

prominent role in quenching DPPH radicals.46,47 The new pep-

tide is a hydrophobic moiety, and this property might be effec-

tive on antioxidant activity of this new peptide. The results of

the cholinesterase inhibitory activities of Snakin-Z showed that

this peptide is a good inhibitor. In many articles, it is shown that

different parts of medicinal plant such as flavonoids, essential

oils, and so on possess anticholinesterase activity.48-50 In this

study, it is shown that peptides also have anticholinesterase

activity. The IC50 values of Snakin-Z indicating AChE inhibi-

tory activity are presented in Table 1. A low IC50 value is indi-

cative of good inhibition of the enzymes. The IC50 value of this

new peptide is much lower than different agents with anticholi-

nesterase activity. Considering the unique features of Snakin-Z,

this peptide may find a potential application in the treatment of

AD. However, further work is recommended to be done in inves-

tigating the neurobiological activities of this peptide in vivo

using appropriate animal models.
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