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Abstract: Protease inhibitors are proteins that are found in plants, humans, animals, and most microorganisms and their function

is to regulate the proteolytic activity. serine protease inhibitors have received great interest for their multiple applications in

biotechnology and biomedicine and are the most prominent inhibitors in plants. Based on the amino acid information of trypsin

inhibitor of kunitz trypsin inhibitor 3 Glycine max (soybean), degenerated primers were designed and a full-length cDNA

sequence named RfIP1(Rhamnus frangula Protease Inhibitor 1) was amplified from the leaves DNA RNA by using PCR and

RT-PCR respectively. Electrophoresis analysis showed a difference in the migration of the amplicons obtained on DNA and

cDNA, revealing the existence of an intron of 210 nucleotides. The result of the RT-PCR proves that the sequence of cDNA

contained an open reading frame (ORF) of 570 bp, encoding 190 amino acids residues. In conclusion, we successfully got DNA

and synthesized cDNA of serine protease inhibitor the Kunitz-type from plant Rhamnus frangula L, which adds to other protease

inhibitors extracted from plants.
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1. INTRODUCTION

Proteases, which are known as proteolytic enzymes, are responsible for the breakdown of proteins. They are
found in plants, humans, animals, and also in most of microorganisms [1]. Proteolysis plays a major role in
many processes such as physiology, defense, DNA replication, immunity, and stress responses [Error!
Reference source not found.,2]. Proteases are classified based on depending on the nature of the functional
group at the active site to four classes: serine proteases, aspartic acid proteases, cysteine proteases, and
metalloproteinases [Error! Reference source not found.]. Although the protease is important, it can be very
detrimental, especially when it over expresses and causes excessive proteolysis; as a result of this, it should
be controlled with protease inhibitors (PIs). Protease inhibitors are proteins which are found in all cells and
their function is to regulate the proteolytic activity [5,6].These molecules represent an efficient way to control
the activity of endogenous proteases. Furthermore, in plants, (PIs) work as a modulation of apoptosis;
preventing pathogens and providing protection against insects, nematodes, and microorganisms [7,8]. Besides
that activity, (PIs) are directed against exogenous proteases [9]. They also contribute to numerous applications

in biotechnology and medicine, such as common cancers and HIV [10,11]. In the food industry, synthetic
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chemicals have become limited because of health risks; therefore, it is essential to look for natural
preservatives. The protease inhibitor for instance, can be used as preservatives because of their antimicrobial
properties and inhibition of proteases [11,12]. In insecticide, the protease inhibitors serve by inhibiting
proteases of animal and fungal origins or proteases of insect [13]. Thus, looking for protease inhibitors from
natural resources, such as plants which represent an excellent source of endogenous protease inhibitors, could
be beneficial in different applications [14].

The serine proteases are the best and the most prominent among the proteases in plants. Serine proteases
inhibitors are considered as defending components in plants [6] they inhibit serine proteases either partially or
completely [5]. Serine proteases are mainly considered as enzymes for cancer development; thus, serine
proteases inhibitors which are derived from plants can be used as drugs for diseases instead of chemicals.
[14,15]. In fact, serine protease inhibitors have received a great interest for their multiple applications in
biotechnology and biomedicine that focused mainly on therapeutics. Moreover, therapeutic serine protease
inhibitors have proven their effectiveness in treating immune, inflammatory, respiratory diseases, and HIV.
Also, they prevent pathogens and provide protection to plants by being used in pest control. Recent findings
have demonstrated proteolysis control as a pharmacologically valid tool. In one of the studies, the findings
suggest that serine protease inhibitors camostat can be used to treat patients with pancreatitis, and it is
considered as an industrial drug, since it may inhibit the replication of influenza A/HIN1 and A/H3N2 viruses
in primary human tracheal epithelial (HTE) cells through the inhibition of hemagglutinin cleavage which is
essential for virus entry into the cell and the start of its replication [16]. However, to avoid the effects of
chemical drugs, it is essential to search for serine protease inhibitors in natural sources. Furthermore, a novel
serine protease inhibitor gene was isolated from Hevea brasiliensis leaves and has been used against antifungal
Trichophytonrubrum that cause the disease Athlete's foot [17].

Rhamnus frangula L, which is known as (Glossy buckthorn) from family Rhamnaceae, is a shrub that grows
from 3-6 meters in wetland and upland, used as laxative and can be found as a component in herbal laxative
preparations. Some studies have shown that the plant is antifungal and antioxidant [18 —20]. A previous study
published in 2017 by Abir et al [20] shows that they have purified a protease inhibitor extracted from Rhamnus
frangula. A biochemical characterization was done and they determined its molecular weight of 22 kDA and
its N-terminal sequence. They also showed that it inhibits different types of human and commercial proteases.
All these results obtained pushed us to go further with a molecular characterization of the gene coding for this
inhibitor. This knowledge will certainly contribute to the design of better approaches to further characterize
this inhibitor in order to apply it in pharmaceutical formulations and to use it as a drug for several types of

diseases.

2. MATERIALS AND METHODS

2.1Plant material
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Leaves of Rhamnus frangula were harvested in the Qassim district. the leaves of the plant were dried for 72
hours in an oven at 40°C and subsequently ground.

2.2 Genomic DNA extraction

DNA was extracted from 300 mg of Rhamnus frangula by crushing leaf samples then transferred the
powdered leaf sample to a 50-ml Falcon tube and added 10 ml of hot extraction buffer to the tube and
incubated at 65 °C for 60—-80 min, then added an equal volume of chloroform-isoamyl alcohol (24:1) we
spun for 15 min at 5 200xg at room temperature then added 6 ml of isopropanol and placed the tubes at -20
°C for 10—-15 min, and spun at 8 500xg for 10 min then resuspend the DNA in 200 pl 0.1x TE buffer, which
was then treated with RNase and incubated at 37 °C for 2 h, then spun for 10 min at 5 200 x g and added
1/10 volume of 3 mol/L NaCl or 1/10 volume of 3 mol/L Na acetate then spun for 10 min at 8 500xg.
Finally, The DNA concentration was measured by taking absorption at 260 nm, according to Sambrook et a/
[21], and by running aliquots on a 1% agarose gel (0.01 g/ml). The purity of DNA was determined by
estimating the ratio of absorbance at 260 nm to that at 280 nm (A 260/A 280).

Extraction of total RNA with TRIZOL

RNA was extracted from the leaves of Rhamnus frangula. To 100 mg of grounded leaves with liquid
nitrogen, 1 ml of TRIZOL (Invitrogen) was added and centrifuged for 15 min at 12000 rpm at 4°C. The
RNAs were then precipitated with isopropanol. The pellet was washed with 70% ethanol, after incubation
for 1 hour at -80°C and centrifugation for 10 min at 12,000 rpm and 4°C. Assessment of the RNA quality
was performed by agarose gel electrophoresis.

2.3 Primer designing

Designing primers to amplify used NH2-terminal sequence (MKSTIFFIFL FCATTTSYLP SLIVDFVLDN NGN),
and used NCBI Genebank database and downloaded the sequence of Kunitz trypsin inhibitor 3 Glycine max
(soybean) . Were designed two forward (FPI, FPII) and two reverse (RPI, RPII) primers Tables 1.

Table 1:Primers used for amplification of Rhamnus frangula protease inhibitor gene

Primers Sequence Annealing Temperature (°C)
FPI 5’ ATGAAGAGCACCATCTTCTTTCTCT3’ 59,43
FPII 5’ CCCCAAAAATGAAGAGCACCAT 3’ 59,70
RPI 5’ CTCACTCACTGCGAGAAAGG 3’ 58,29
RPII 5’ CTTGTGTCTCACTCACTGCG 3’ 58.86

2.4 Amplification of DNA by PCR

The PCRs were carried out in the “BioMetra®” according to the following program: initial heating step (94
°C for 5 min), a DNA amplification step for 40 cycles of denaturation (94 °C, 30 s) annealing (55 °C for 30
8), extension (72 °C for 3 min) and a step of termination of the DNA synthesis (72°C, 10 min).

2.5 ¢cDNA synthesis
A solution of total RNA (5 pg) was incubated at 65°C for 5 min, then added 1 pl of specific reverse primer
and incubated at 25°C for 10 min, added 4 pl of 5X “first strand reaction buffer”, 2 ul of DTT, 1 pl of the
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MMLYV enzyme and 1 pl dnTP and incubated at 37°C for 1 h Finally, to stop the reaction by inactivating the
enzyme was incubated at 65°C for 5 min. The cDNA has been obtained and used as a template for PCR then

separated on a 1% agarose gel.

3. RESULTS AND DISCUSSION
3.1 Results

3.1.1 Genomic DNA extraction from Rhamnus frangula

we extracted genomic DNA from a 300 mg plant. The concentration of genomic DNA obtained was estimated,
by spectrophotometry at 260 nm, at 250 ng/ul, the ratio of readings at 260 nm and 280 nm. The quality of the
extracted genomic DNA was checked on a gel of 1% agarose. A band of approximately 15,000 bp of genomic
DNA remains at the top of the gel is observed Error! Reference source not found.. This band corresponds
to the expected size since the total genomic DNA is large.

3.1.2 Extraction of total RNA from Rhamnus frangula

15,000bp

- 58S

Fig. 2: Analysis of Rhamnus frangula RNAs quality

Total RNA must first be extracted and cDNA synthesized before the determined coding sequence of the
Rhamnus frangula protease inhibitor RfIP1. By using specific primers, it was possible to amplify the coding
sequences of this inhibitor by RT-PCR. In fact, total RNA extraction was performed from 100 mg of plant.
This extraction, carried out with the TRIZOL reagent (Invitrogen), was followed by precipitation with

isopropanol. The quality of this extraction was also visualized after electrophoresis on 1% agarose gel and

99



stained with BET. Analysis of this gel reveals three bands of ribosomal RNA, 28S rRNA 18S rRNA and 5S
rRNA Figure 2.

3.1.3 Amplification of the genomic and coding sequences of Rhamnus frangula protease inhibitor gene
In order to isolate and sequencing the gene encoding Rhamnus frangula protease inhibitor, different pairs of
primers were chosen and designed to amplify the entire gene Error! Reference source not found..

By using the degenerate primer the PCR reaction made it possible to amplify the total genomic sequence of
ATG : +1 TAA

. .

FPI

FPIL,
CRPII "_RPI

Fig. 3: Input sites pairs of primers to amplify the entire gene

Rhamnus frangula protease inhibitor. Amplification was performed under the following PCR conditions: 94°C

for 60 s, 54°C for 60s, and 72°C for 60s (40 cycles). The result of amplification on an agarose gel showed a

780 bp
570 bp

Fig.4: Electrophoresis on agarose gel (1%) of the PCR
amplification products obtained.

Lane 1: PCR on genomic DNA of Rhamnus frangula.
Lane 2: Concomitant migration of the 1kb Ladder
Molecular weight marker.

Lane 3: PCR on the protease inhibitor cDNA.

band of approximately 780 bp Figure 4. From the total RNA, the cDNA is directly synthesized by a reverse
transcription reaction using degenerate oligonucleotides FPI and RPI for the Rhamnus frangula protease
inhibitor gene. Then amplification and isolation of a single product of about 570 bp Figure 4 covering the

entire coding sequence of the protease inhibitor of Rhamnus frangula.
3.2 Discussion
The biggest and most significant subfamily of protease inhibitors is known as serine protease inhibitors, or

serpins. By covalently attaching to their target protease, they function as suicide substrates and cause their
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inactivation [22]. The ability of the widely distributed serine protease inhibitor to modify the proteolytic
activities of various proteases revealed that are crucial regulators in a variety of biological processes in
metazoan, plant, and some viral organisms that necessitate precise control of protein hydrolysis [12]. Plants
produce a range of chemicals, both proteinaceous and non-proteinaceous, in reaction to insect attacks. Of
these, Protease Inhibitors are the most researched family of plant defense proteins.

Proteases are necessary to survive and in biological processes proteolysis performs many such as DNA
replication and transcription, cell proliferation and differentiation, wound repair, blood coagulation,
inflammation, immunity, protein digestion, and apoptosis. Yet alterations in proteases activity result in
multiple pathological conditions such as cancer, and inflammatory and cardiovascular diseases. So, their
activities need to be kept strictly under control by protease inhibitors. It is found in numerous animal tissues
and fluids, plants, and microorganisms [11]. The main function of endogenous proteases inhibitors is the
prevention of unwanted proteolysis. Because their molecules represent an efficient way to control the activity
of proteases, they are gaining attention in the biotechnological, food industry, and medicine [11,12,23]. In this
study, we extracted serine protease inhibitors from Rhamnus frangula L and we got total genomic DNA and
was size large 15.000 bp shown on a gel of 1% agarose Figure 1. In order to synthesis cDNA to get the
determined coding sequence of the Rhamnus frangula protease inhibitor RfIP1 we extracted the total RNA
with the TRIZOL reagent, where ribosomal RNA appeared in agarose gel Figure 2 as three bands 28S rRNA
18S rRNA and 5S rRNA. The 5S rRNA band was clearly visible without smearing. In addition, the 18S rRNA
band was more intense than the 28S rRNA band.

Using degenerate primers, genomic amplification by PCR and an RT-PCR were done on genomic DNA and
a cDNA, respectively. Results show amplicons on an agarose gel that with different size. A 780 bp with
genomic PCR and 570 bp with RT-PCR Figure 4. This result shows that serine protease inhibitor gene contains
a 220 bp intron unlike several other types of inhibitors of different sources which do not contain. In fact, A
full-length Kunitz-type protease inhibitor gene from Dolichos biflorus has a frame of 669 bp, and don’t contain
intron sequence [24]. Same observation was seen in Hevea brasiliensis leaves that the cDNA of 210 bp
encoded a 70 amino acid protein and don’t contain introns [17]. Equally, the serine protease inhibitor codant
gene from cotton bollworm of Helicoverpa armigera was 1176 bp long, with an open reading frame encoding
391 amino acids; there is one exon and no intron [25]. While alkaline serine protease gene amplified from
genomic DNA and cDNA specific fragment of the antagonistic yeast-like fungus Aureobasidium pullulans
PL5 were of 1351 bp and 1248 bp, respectively [26]. The gene encoding a novel serine protease inhibitor
of Schistosoma japonicum (SjSPI) was sequenced and showed that SjSPI contained an open reading frame of
1,218 bp, which encoded 405 amino acid residues. Chromosomal structure analysis showed that SjSPI gene
was comprised of six exons separated by five introns [27]. The Rhamnus frangula protease inhibitor Kunitz-
type designated RfIP1 was purified and biochemically characterized for the first time, followed by this study
which allowed us a molecular characterization of this inhibitor followed by this study which allowed us a
molecular characterization of this inhibitor through an amplification of the coding gene and determination of

its size with a revelation of the existence of an intron sequence. This study will add the protease inhibitor to
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others extracted from different source of plants, and will be useful for further study to find amino acid sequence

the RfIP1 protein.
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