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Abstract

Background and Objective: Celiac disease in genetically susceptible in individuals. It is resulted from T cell intolerance to wheat
gluten that is rich with proline residue and are highly resistant to degradation by the proteolytic enzymes secreted by the
gastrointestinal tract. The aim of the current study was to purify and identify new prolyl endopeptidase from natural and
economical source such as larva midgut of red palm weevil (Rhynchophorus ferrugineus) able to degrade gluten at low gastric
pH. Materials and Methods: The prolyl endopeptidase was extracted from larva midgut of red palm weevil (Rhynchophorus
ferrugineus) and purified using ammonium sulphate, acetone and trichloroacetic acid. The enzyme activity was tested of
hydrolysis efficacy by gluten, gliadin and peptide peptidyl-pNA. Results: The results showed that 80% acetone give high enzyme
activity, high V,,, value and low K, value. At 2 mg mL™", the efficacy to hydrolyze both gluten and gliadin were found higher than
digestine, a positive control. The optimum enzyme activity was at pH 5 and 30°C, the stability of enzyme activity was remaining
at temperature reached to 50°C and pH 4.0. Conclusion: The results reflect the potential use of the prolyl endopeptidase in the
medical and processing of gluten free food applications.
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INTRODUCTION

Celiac Disease (CD) is the most common form of gluten
intolerance’. It is an autoimmune syndrome, the immune
system attacks the gluten and gut lining causing gut wall
damage, severe anemia and nutrient deficiencies?’. The
symptoms of CD are including difficulty in digestion,
damaging in the tissue of small intestine, diarrhea, headache,
constipation, bloating, tiredness, depression, skin rashes,
bad-smelling feces and weight loss*. Gluten, a protein present
in all cereals mainly barley, wheat and rye are mainly
composed of gliadin and glutenin®. Gliadins is the protein
responsible for development of CD®. The high contents of
glutamine and proline residues in gluten lead to difficulty to
digest gluten by gastric hydrolases, therefore, the gluten
disorders such as CD, wheat allergy and baker’s asthma are
created’=°. The available therapies for the management of CD
is only the avoid intake of dietary gluten, therefore, multiple
studies reported many patients when they intake Gluten Free
Diet (GFD) for long time lead to improves the biochemical
blood parameters and other chronic pathologies such as
anemia, osteoporosis, infertility, depression, mortality, growth
failure and the risk of other complications related to CD'%'.
Therefore, there is urgent need to find the alternative solution
such as; enzymes either to gluten degrade or as non-dietary
oral medicament for celiac patients'?. The gluten peptides
resistant to hydrolysis by proteolysis are found in the most of
immunotoxic reactions in T cells of patients with CD".
Furthermore, the mammalian digestive enzymes are difficult
to digest the resistant domain in gluten because of the
cleavage site septicity of these enzymes. The proteolytic
enzymes might be produced from a wide range of organisms
such as; bacteria, insects, yeasts, molds, animals and plants'#¢,
Theinsect prolyl endopeptidases (PEPs) may be the alternative
therapeutic keys for treatment of CD. These enzymes are
effective in the hydrolysis of specific peptide bonds on the
carboxyl group side of internal proline residues of the gluten
oligopeptides'. The PEPs is one member of a serine protease
family group, which are hydrolyze the peptides smaller than
30 residues'®. The Red Palm Weevil (RPW), Rhynchophorus
ferrugineusis a noxious internal feeder attacking many palm
species including coconut, date palm and Canary Islands
palm™20, The RPW possess serine-type proteinases in their
digestive system for protein digestion?'22, Therefore, this study
was planned to find out natural, economical and alternative
source of proteolytic enzymes that has capability to hydrolyze
gluten and gliadin and to find out alternative medicine for
celiac patients.
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MATERIALS AND METHODS

The present investigation was carried out at the College
of Pharmacy, Prince Sattam bin Abdulaziz University, Al-Kharj,
Saudi Arabia and the Food Technology Research Institute,
Agricultural Research Center, Giza, Egypt between February,
2018 and December, 2019.

Materials: Larvae of red palm weevil (Rhynchophorus
ferrugineus) were collected from infected palm trees at the
Agriculture Research Center, Cairo, Egypt. All chemicals and
reagents used throughout this study were of analytical grade.
The synthetic fluorogenic peptides Suc-Ala-Pro-pNA was
obtained from Bachem, Torrance, CA.

Extraction of protease from larvae of red palm weevil: The
larvae of R. ferrugineus were anesthetized by exposure to
ether for seconds, the midguts were separated in washing
buffer containing 20 mM Tris-HCl, pH 7.4, then washed by the
same buffer several times. The fatty tissues were removed and
a total of 30 cleaned midguts were homogenized in 20 mL
lysis buffer containing 20 mM Tris-HCl pH 7.4, 2 mM
B-mercaptoethanol, 5 mM EDTA. The homogenized solution
was filtrated through double layer of cheese cloth and
centrifuged at 6,000 rpm for 20 min2. The clear supernatant
containing enzymes were lyophilized and stored in a
refrigerator for further purification.

Extraction of gliadin: Gliadin was extracted by treatment of
gluten with 2.5 mL of 70% ethanol (v/v) and stirred for 45 min
and then centrifuged at 6000 rpm for 10 min?*,

Endopeptidase purification: All purification steps were
performed at 4°C, except when mentioned. After each step,
fractions were assayed for protease activity and the active
fractions were pooled. Three purification methods were used
in this study, the first was the partial purification with
ammonium sulfate. The protein extracts were subjected to 40,
60 and 80% of ammonium sulfate. The precipitate was
dissolved in small amount of cold deionized water after
centrifugation at 15,000 rpm for 20 min?>. The second method
was the using of acetone as organic solvent for precipitation
of protein. The alkaline protease was collected from the crude
extract by precipitation with 40-80% of acetone
concentrations. The different amounts of each concentration
of acetone were added slowly to the protein extract with
stirring for 30 min and then allowed to settle down for 12 h at
4°C.The precipitate was dissolved in 0.1 M phosphate buffer,
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pH 7 after centrifugation at 15,000 rpm for 20 min26. While, the
third method was precipitation by trichloroacetic acid (TCA).
The protein extract was dissolved with 0.2 M TCA, centrifuged
at 15,000 rpm for 20 min. The precipitate was dissolved in
chilled acetone and again centrifuged at 14000 rpm for 5 min,
this procedure was repeated twice to remove the remaining
of TCA. The obtained pellet was dissolved in 0.1M of
phosphate buffer, pH 7 and it used for protein and enzyme
assay?.

Assay of protease activity: The activity of protease enzyme
was determined by casein digestion assay as described by
El-Beltagy et a/?®. One unit of the enzyme activity is defined as
theamount of enzyme required to liberates sufficientamounts
oftrichloroaceticacid, i.e., the absorbance at 280 nmincreased
by 1.00 in T min. Tyrosine was used as a standard.

Hydrolysis of peptidyl-pNA: The rate of enzymatic hydrolysis
of the peptidyl-pNA substrate was measured in buffer
containing 0.1 M Tris-HCI, pH 7.5 at 25°C by
spectrophotometer at 410 nm?®. The unit of the enzyme
activity was defined as the enzyme quantity required to
release 1 umoL of p-nitroaniline per minute under the specific
reaction conditions.

Hydrolysis of gluten and gliadin: Two different
concentrations including 1 and 2 mg of the enzyme purified
with 80% acetone was added to 100 mL of 2% gluten or
gliadinin phosphate-citrate buffer pH 6.9, the reaction mixture
incubated at 30°C for 2 h with shaking. The enzyme was
subjected to heating at 100°C for 30 sec to inactivate its
activity. The obtained hydrolyzed solution was centrifuged at
10000 rpm for 15 min and the percentage of hydrolysis was
determined®.

Biochemical characterization of enzyme

Effect of pH and temperature on PEP activity and stability:
In order to find the optimum pH, the enzyme was incubated
with Suc-Ala-Pro-pNA substrate in buffers spanning the pH
range of 2-12 and the activity was determined at the standard
assay condition. Also, the optimal temperature of enzyme
activity was measured by incubating the reaction mixture
including enzyme, substrate and buffer at different
temperature™ ranged from 20-60°C.

Effects of activators and inhibitors on PEP activity: Numbers
of protease activators and inhibitors including MgCl,, CaCl,
and EDTA, DL-Dithiothreitol (DTT), phenylmethylsulfonyl
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fluoride (PMSF) and Soybean Trypsin Inhibitor (STI) were used
for determination the enzyme activity. The total enzyme
activity was determined in 0.1 M Tris-HCl buffer, pH 8.0%. Each
of the protease activators or inhibitors was used at three
different concentrationincluding 0,5 and 10 mM, the Suc-Ala-
Pro-pNA substrate was added. The reaction mixture was
incubated at 30°C for I5 min, the protease activity was
determined, this reaction was triplicates repeated for each
treatment.

Effect of substrate concentration on PEP activity and kinetic
constants: Enzyme kinetics and Michaelis constants (K., and
Vmax) Were determined to estimate the substrate concentration
effect on the purified enzyme activity. This was carried out
with using of Bovine Serum Albumin (BSA) as enzyme
substrate. The K, and V,,, of the purified enzyme were
determined from the Lineweaver-Burk plot?.

Free amino acids determination: The free amino acids were
determined calorimetrically by using Ninhydrin reagent
according to Morales et a/*' as follows, 3 mL of 5%
trichloroacetic acid and 1 mL of phosphate buffer, pH 8 were
added to 1 mL of the hydrolysate mixture incubated at room
temperature for 15 min, the precipitate was removed by
centrifugation at 6000 rpm for 15 min, then the supernatant
was used for measuring of the amount of free amino acids by
using of ninhydrin reagent, glycine was used as a standard.

Statistical analysis: In the current study, the obtained data
were expressed as Means®SD from three replicates. The data
were subjected to one-way ANOVA. The means values of the
different treatments were compared using Duncan’s multiple
range test at p<0.05. The statistical analyses were carried out
by using SPSS statistical software (IBM SPSS Statistics, version
20)%

RESULTS AND DISCUSSION

Fractional precipitation of protease enzyme extracts: The
precipitation of the enzyme extract with different
concentrations of ammonium sulphate was described in
Fig. 1. The crude enzyme extract from RPW of 6 week old was
contained 0.34 mg protein. The 80% of ammonium sulphate
precipitated fraction showed high specific activity accounted
by 5333 U mg~" protein and purification fold 1.31 followed by
4917 U mg™' protein at 60% precipitation. Moreover, the high
specific activity of protease was obtained in the 80% fraction
7000 U mg™' protein which represents 1.76 of purification
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fold followed by precipitation with 60% which exhibits
5667 Umg™' protein for protease extracted from RPW of
12 weeks old.

The precipitation of protease extracted from RPW aged
6 and 12 weeks with acetone was showed in Fig. 2. The
specific activity of the enzyme extracted from larvae of red
palm weevil aged 6 weeks was 4059 U mg™ protein. By partial
fractionation with acetone at 40, 60 and 80%, the enzyme
specific activity was increased by 6800, 7875 and 8200 U mg™"
protein, respectively. On the other hand, the highest specific
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activity of protease enzymes at aged 12 weeks was recorded
as 9800 U mg~" protein which represents 2.40 purification fold
at 80% acetone fractionation. Whereas, the enzyme specific
activity was high in fraction of 80% acetone for both age of
RPW and amounted as 9800 and 8200 U mg~', respectively.

The purification of PEP extracted from RPW aged 6 and
12 weeks by 0.2 MTCA illustrated in Fig. 3. The specific activity
of the purified protease with TCA at age 12 weeks was
recorded as 8200 U mg~ protein and it is higher than that of
6 week age which amounted as 6500 U mg™ protein. Previous
study reported the protease enzymes extracted with 0.1 M
phosphate buffer at pH 7 and precipitated with 0.2 M TCA has
high enzyme recovery due to the negative effect of TCAonthe
enzyme denaturation'.

Results concluded that, the best agents to purify PEP
extracted from RPW at age 6 and 12 weeks were in the
following order 80% acetone >80% ammonium sulfate>0.2 M
TCA. Also, the purification of PEP extracted from RPW aged
12 weeks by 80% acetone give higher specific activity
(9800 U mg~" protein) which represents 2.40 of purification
fold compared to all other treatments. This may be attributed
to increasing of hydrolytic enzyme activity with increasing
larvae growth before entering into pupa phase as reported by
Mahmud et a/*. On other hands, multiple studies reported
that, 80% acetone precipitation is the best agent to purify
serine proteases extracted from RPW343,

Biochemical characterization of enzyme

Effect of pH and temperature on PEP activity and stability:
The optimum activity of the purified enzyme with 80%
acetone was determined at different range of pH 2.0, 4.0,
6.0,8.0 and 10.0. Asshown in Fig. 4, the optimum pH was
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observed at pH 5.0. This pH value was in agreement with that
obtained by Peterson et a/*¢ who found the optimum pH was
10.0 and 10.5 for the trypsin activity extracted from midgut of
S. littoralis and Manduca sexta L., respectively. Theresults also
indicated that the PEP activity was maximized at 30°C, then
the activity was gradually decreased by increasing the
incubation temperature (Fig. 5).

Effects of activators and inhibitors on PEP: Different
compounds (MgCl,, CaCl,, DTT, PMSF and STI) were used to
estimate the protease activity at three concentrations (0, 5 and
10 mM) (Fig. 6). Under optimal pH, the effects of protease
activators and inhibitors were determined on the midgut
protease activity of Rhynchophorus ferrugineus aged
12 weeks and purified with 80% acetone. Different
compounds (MgCl,, CaCl,, DTT, PMSF and STI) were used to
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estimate the protease activity at 3 concentrations 0, 5 and
10 M (Fig. 6). The relative activity of PEP was decreased by
20 and 8% at incubation with 5 and 10 mM of CaCl,, while,
incubation with MgCl, was almost keep the relative activity as
same as control. On the other hand, DTT was inhibited the
relative activity to 67 and 65% at the two concentrations.
Although, PMSF was completely deactivated the enzyme
activity, while, 5 and 10 mM of STI were reduced the activity
to 55 and 40%, respectively.

Effect of substrate concentration on protease activity and
kinetic constants: Enzyme kinetics and Michaelis constants
(K,and V,.,,) determined the effect of substrate concentration
on the enzyme activity. Low K, means only small amount of
substrate is needed to saturate the enzyme and high
affinity between enzyme and substrate’”. The effect of
substrate (bovine serum albumin, BSA) concentration on the
activity of partial purified PEP extracted from RPW was
described in Fig. 7. The extracted PEP at age 12 weeks and
purified by 80% acetone exhibited high value of V.,
(161.29 mg min™), low value of K, (0.129 mg mL™") and high
specific activity.

Gluten and gliadin hydrolysis by PEP: The current study
aimed to reach the maximum percentage of gluten and
gliadin hydrolysis. Data presented in Table 1 illustrated the
extracted PEP from RPW aged 12 weeks and purified by 80%
acetone. It yielded the same percentage of gluten hydrolysis,
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Table 1: Gluten hydrolysis with different protease concentration

Enzyme concentration Protein remaining Protein Protein hydrolyzed Protein
Protease sources (mg mL™) (mg mL™) remaining (%) (mg mL™") hydrolyzed (%)
RPW (age 12 weeks) purified by acetone 80 % 1 2.720%+0.010° 68 1.284%0.010° 32
2 2.716£0.095¢ 68 1.288+0.095¢ 32
Digestin 1 2.602£0.034¢ 65 1.40210.034¢ 35
2 2.314£0.009¢ 58 1.690+0.009° 42

*Data represent the Means = SE calculated from three replicates, Different letters refer to significant differences at p<0.05, Gluten concentration before hydrolysis was
4,004 mg mL~", Digestin drug is composed of Papain and Sanzyme

Table 2: Gliadin hydrolysis with different protease concentration

Enzyme concentration Protein remaining Protein Protein hydrolyzed Protein
Protease sources (mg mL™) (mg mL™) remaining (%) (mg mL™") hydrolyzed (%)
RPW (age 12 weeks) purified by acetone 80 % 1 2.052+0.123 81 0.478+0.123<« 19
2 2.024£0.010° 80 0.506£0.010¢ 20
Digestin 1 2.128+0.001¢ 84 0.402£0.001¢ 16
2 1.426+0.027¢ 56 1.104+0.027¢ 436

*Data represent the Means = SE calculated from three replicates, different letters refer to significant differences at p<0.05, Gliadin concentration before hydrolysis was
2.53 mgmL™’

32%at 1and 2 mg mL~" of enzyme concentration and almost ~ While, the percentages of hydrolyzed gliadin by Digestin at
closed to the percentage of hydrolysis at 1 mg mL™" of 2 mg mL™" was equal to 43.6% and higher than the purified
Digestin. While Digestin give higher percentage of gluten PEP that give 20% of hydrolysis.
hydrolysis by amount 35 and 42% at 2 concentration
compared to the purified PEP, because of Digestin drug is  Free amino acids concentration after gluten and gliadin
composed of Papain and Sanzyme, while, the PEP is composed hydrolysis: The free amino acids produced from hydrolysis of
of only single enzyme. gluten were 0.52 and 0.54% at enzyme concentrations of
1 and 2 mg mL~" while 0.56 and 0.65% with using Digestin at
Gliadin hydrolysis with PEP: The extracted PEP was also  1and 2 mg mL', respectively (Table 3).
examined to hydrolyze gliadin which extracted from gluten. The results showed that the free amino acids liberated
Gliadin considered the primary reason for celiac disease.  from gliadin hydrolysis by Digestin at enzyme concentrations
Gliadinisapolypeptide consists of 33 amino acids with known 1 and 2 mg mL™" were recorded as 1.01 and 1.25%,
sequence rich with proline and glutamine. Proline gives the respectively and these were higher than that of percentage of
peptide increased resistance to gastrointestinal proteolysis hydrolysis by the purified PEP at the optimum incubation
causing risk for CD%. In healthy peoples this polypeptide does reaction (Table 4).
not permeate into their intact intestine and excrete in an The using of gluten free dietis the only treatment of celiac
undigested form. Data presented in Table 2 demonstrated disease. The treatment diet is expensive and difficult to
that, the purified protease give higher percentage of gliadin getting it, as well as, it is not completely free gluten and this
hydrolysis 19% at 1 mg mL™" of enzyme concentration than will directly effect on celiac patients. The recent alternative
the gliadin hydrolysis by Digestin which give only 16%.  strategies are focus on the using of new therapeutic treatment
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Table 3: Free amino acids concentration from hydrolyzed gluten

Protease sources Enzyme concentration (mg mL™") Free amino acids (mgmL™")  Free amino acids (%)
Larval red palm weevil (age 12 weeks) purified by acetone 80 % 1 0.00002+0.001¢ 0.52

2 0.00216%0.001" 0.54
Digestin 1 0.00022+0.001° 0.56

2 0.02620+0.001° 0.65

*Data represent the Means =+ SE calculated from three replicates, Different letters refer to significant differences at p<0.05, Gluten concentration before hydrolysis was
4,004 mg mL™!

Table 4: Free amino acid concentration in hydrolyzed gliadin

Protease sources Enzyme concentration (mg mL™") Free amino acids (mgmL™")  Free amino acids (%)
Larval red palm weevil (age 12 weeks) purified by acetone 80 % 1 0.02240%0.000¢ 0.88

2 0.0249310.004¢ 0.99
Digestin 1 0.02574+0.001°¢ 1.01

2 0.03178+0.001f 1.25

*Data represent the Means & SE calculated from three replicates, Different letters refer to significant differences at p<0.05, Gliadin concentration before hydrolysis was
2.53 mgmL™’

for decreasing the celiac effects of wheat gliadins®, such as  activity was retained at pH 3.0 and 5.0. The PEP was stable at
orally supplementation with proline digesting enzymes that ~ up to 50°C, with a relative activity of approximately 80%
could be appreciate method of elimination of the proline-rich incubating at pH 5.0 for 1 h. The optimum temperature for the
T cell stimulatory epitopes from gluten. These will be  PEP was established at 30°C, whereas, a decrease in activity
performed by transglutaminase inhibition®” and HLA-DQ2  was observed when the enzyme was heated at temperature
blocking to prevent ofimmunogenic peptides binding*orby  above 50°C. The relative protease activity remained similar
using more recent promising alternative therapeutic approach when incubated with MgCl,, CaCl, and DTT. While, PMSF and
as the enzymatic cleavage of immunogenic gliadins, the 7| are inhibited the activity to 20 and 15% at 5 and 10 mM of

purified prolyl-endopeptidase obtained from the present PMSF and 60; 40% for STI, when incubated with the peptide
study might be used for this purpose. Suc-Ala-Pro-pNA.

Earlier studies reported that, the prolyl oligopeptidases
are not stable at the low pH of gastric juice®, possibility to
digestion with pepsin“’and not enough active at highamount
of gluten*. As well as, the prolyl oligopeptidases protection
from gastric juice by encapsulation is not effective because of
the gluten degradation will not carried out before it reaches to
the proximal part of the duodenum, whereas the gluten
inducesinflammatory T cell responses*. Furthermore, AN-PEP
enzyme was extracted from Aspergillus niger was active at pH
ranged from 2-8, with an optimum activity at pH 4-5,
therefore, itis effective under stomach conditions and remains
fully functional®. Another advantage of this enzyme is its
capability of whole gluten and gluten peptides into
non-immunogenic residues degredation*’. The prolyl
endopeptidases have pharmaceutical and medicinal
applications, as well as, play an important role in the various

It is demonstrated that the prolyl endopeptidase from
Rhynchophorus ferrugineus can act under conditions similar
to those found in the gastrointestinal tract and is capable of
degrading intact gluten molecules and T cell stimulatory
epitopes from gluten into harmless fragments, therefore, the
purified enzyme can be used as alternative treatment of celiac
disease.

CONCLUSION

The prolyl oligopeptidases extracted from larvae of palm
weevil at age 12 weeks and purified with 80% acetone is the
potential alternative recent drug for CD treatment due to its
capability to resist the low gastric pH and efficiency to digest
gluten and gliadin at the same condition of stomach

foodstuffs production due to its need for an efficient of gluten digestion.

degradation in raw material or during food processing. The

prolyl endopeptidases belong to serine proteases that can be SIGNIFICANCE STATEMENT

peptide bonds cleavage at the carboxy-terminal end of proline

residues. The PEP under investigation was extracted from This study extracted and purified of a new specific

Rhynchophorus ferrugineus aged 12 weeks and purified by ~ endopeptidases of insect origin for serving as a potential
80% acetone. According to the pH profile, the enzyme showed therapeutic tool for degradation of wheat gluten and gliadins,
the highest activity at pH 5.0 and between 40-70% of the  the main causes of celiac disease.
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