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Abstract:

Background: Trypsin inhibitor (TI) is an enzyme that can be used to treat colorectal cancer because it inhibits
the activity of trypsin enzymes that generate NF-KB signaling and MMPs, which promote colorectal cancer cell
proliferation, invasion, and metastasis.

Materials and Methods: The data was gathered using Google Scholar, Science Direct, MDPI, and PubMed
search engines, as well as data from various published studies on trypsin inhibitors and colorectal cancer.
Results: Trypsin inhibitor enzymes that could be used to treat colorectal cancer have been isolated from
organisms (Glycine max, (Linn) Merrill), (Vigna radiata (L.) R. Wilczek), (Pisum sativum L), (Lens culinaris),
and (Momordica charantia) using the purification methods of gel filtration chromatography and ion
chromatography, according to several studies. The IC50 value indicates cytotoxicity activity.lIn HT29 cell
growth, the IC50 for IBB1 and IBBD2 was (39.9 2.3 and 48.3 3.5 m). GBP-TI inhibits the proliferation of
colorectal cancer cells in female rats with an 1C50 of 20 m, Pisum sativum L with an IC50 of 31 m, lentils with
an IC50 of 32 m, and bitter melon with an 1C50 of 217 g/ml.

Conclusion: The five organism trypsin inhibitor enzymes could be used as drug active ingredients in colorectal
cancer treatment. And the IC50 value of Tl or bowman-birk inhibitor demonstrated the best action, inducing
apoptosis and reducing the proliferation of colorectal cancer HT29 cells.
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I.  Introduction

Colorectal cancer (CRC) is an abnormal condition that occurs in the large intestine (colon) or rectum.
This disease knows no age, so it can happen to anyone. Incidence and death rates increase with age. The World
Health Organization (WHO) in 2018 cases of cancer that occurred around 18.1 million and deaths caused by
cancer 9.6 million [1]. With 8,751,000 cancer cases in 2018, Asia is a big contributor to the many cancer cases
that occur throughout the world [2]. Colorectal cancer in Indonesia in 2018 was reported to have 30,017 new
cases [3].

The actual cause of colorectal cancer has remained unknown until now. Colorectal cancer can be
caused by a variety of risk factor, including hereditary diseases and environmental influences [4]. Surgical
surgery, radiation, and adjuvant chemotherapy are some of the options for colorectal cancer treatment. Surgical
therapy, radiation, adjuvant therapy [5], and targeted therapy to block or eliminate the proliferation of cancer
cells are all options for colorectal cancer treatment. Nausea, vomiting, diarrhea, stomatitis, leukopenia, elevated
bilirubin, peripheral nervous system, gastrointestinal, insomnia, allergies, edema, and fever are all side effects of
adjuvant chemotherapy. adverse effects that occur as a result of the prescribed treatment [5]. Enzyme therapy is
a different type of treatment that can be used.

Trypsin enzyme levels are reported to be higher than normal in colorectal cancer patients. The trypsin
enzyme is known to play a role in colorectal cancer corsinogesis, cell proliferation, invasion, and metastasis
[6],[7]. Antimicrobial, anticancer, and biomarker properties have all been discovered for trypsin inhibitor
enzymes. One of its anticancer properties is against colorectal cancer, as demonstrated by a study that used the
xenography method on mice to conduct an in vivo test and found that the trypsin inhibitor enzyme inhibits the
growth of colorectal cancer cells [8]. Colorectal cancer necessitates the use of a trypsin inhibitor to prevent the
trypsin enzyme from degrading proteins and thereby decreasing the molecular activity of trypsin signals and
matrix metalloproteinases (MMPs). The process of colorectal cancer cell proliferation, invasion, and metastasis
is decreased when MMP activity is suppressed [6],[9]. In nature, trypsin inhibitor enzymes are found in plants,
animals, and microorganisms. Trypsin inhibitors are primarily found in plants. The following plants generate
trypsin inhibitor enzymes, which have been shown to have anticancer properties: mung bean [10]; Lentil [11];
pea [12]; black soybeans [12]; soybean [13]; potato [14]; Yunnan bean (Gymnoclodus Chinensis) [15]; pinto
bean [16]. Geoffroeadecorticansseeds have anticoagulant properties [17]. Solanum tuberosum has antibacterial
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properties [14]. TI generated by microorganisms, such as Oceanimonas sp. BPMS22 [18] and Streptomyces
trypsin[19], is recognized to have cancer-causing properties. The purpose of this scientific article is to examine
various studies of trypsin inhibitors (TIs) which have good activity in targeted therapy for colorectal cancer
patients. This review will discuss the producer of Tl enzymes, their activities and methods of isolation and
purification of enzymes.

Il. Material And Methods
This article review was conducted based on data obtained from research articles that have been
published and indexed in Google Scholar, Scopus, Web of Science, Copernicus, EBSCO, DOAJ, PubMed, and
Science Direct. The literature search was conducted using the keywords “Enzyme Trypsin inhibitor”,
“Colorectal cancer”. References to research articles that have been used a maximum of the last 10 years.

I11. Result
The trypsin inhibitors, either kunitz inhibitors or bowman-brik inhibitors, extracted from several
species, the purification method utilized, and the action of colorectal cancer are all described in this scientific
paper.

Table no 1 :Trypsin inhibitor enzymes that have colorectal cancer activity

Enzyme IC50 pm Referensi
. Protein R Molecula | Specific Enzyme /ml
Organism Name Purification Method r Weight Aitivities (U/?:“lg) (hg/mh)
(kDa)
Glycine max L. | IBB1 , | Gelfiltration 8-10 3828/2917 39.9 um ([13],
Seeds IBBD2 chromatography [20])
Vigna radiata GBP-TI Gel filtration 14 5727 20 pm ([101,81
(L) R. Wilczek chromatography
Pisum sativum | rTI1IB , | Gel filtration 7-8 2476/2956 31pum [21]
L rTI2B chromatography
Lens culinaris BBI Gel filtration 7 - 32 um [11]
chromatography
Momordica Trypsin lon exchange 12 96 217 pg/ml [22], [23]
charantia inhibitor chromatography

IV. Discussion
According to the findings of diverse scientific literature from scientific organisms [24], plants are one
of the organisms most reported to have trypsin inhibitor enzymes. Trypsin-inhibiting enzymes have been found
in various species. Species considered are species known to inhibit cancer cells.

1. Organisms that produce enzymes

In nature, trypsin inhibitor enzymes, also known as kunitz trypsin inhibitors or bowman-birk inhibitors,
have been discovered in a wide range of organism, including plants, animals, and microbes. Trypsin inhibitor
enzymes can be found in a variety of species, including: Glycine max L. Seeds [13], Macrolepiota procera,
Armillaria [25], Gymnocladus Chinensis (Yunnan Bean) Seeds [15], mung bean (Vigna radiata (L.) R.
Wilczek) [10], Arabidopsis plants [26], Solanum tuberosum [14], Geoffroeadecorticans seeds [17], Pisum
sativum L [21], Lentil [11], Pinto beans [16], Glycine soja (L) merit [12], Cassia obtusifolia [27], Catanduva
(Piptadenia moniliformis) seeds [28], Inga laurina (SW.) Willd [29], Vigna unguiculata seeds [29], Faba Bean
(Vicia faba cv. Giza 843) [30], Momordica charanti [23], Araneus ventricosus [31]. Streptomyces trypsin [19],
Oceanimonas sp. BPMS22 [32], Lactobacillus plantarum FNCC 0270 [33], Streptomyces griseu [34],
Gloeobacter violaceus [35], Streptomyces misionensis UMS1 [29] are among the microorganisms known to
generate trypsin inhibitor enzymes.. Only five species with activity as colorectal cancer were chosen for the
review of this scientific paper from a large number of organisms that generate trypsin inhibitor enzymes, as
indicated in table nol. (Glycine max, (Linn) Merrill ), (Vigna radiata (L.) R. Wilczek ), (Pisum sativum L),
(Lens culinaris ), (Momordica charantia).

Soybeans (Glycine max, (Linn) Merrill ) are the best source of protein, fat, vitamins, minerals and fiber
as well as food ingredients that have high nutritional value. Soybeans have many health benefits, one of which is
because they contain trypsin inhibitors. Bowman-birk inhibitor from soybean was isolated and purified with a
molecular weight of 8-10 kDa[20]. Soybean trypsin inhibitor enzymes have been identified in a number of
research. Two polypeptides found in soybeans are kunitz trypsin inhibitor (KTI) and bowman-birk inhibitor
(BBI) [36]. KTl and BBI make about 6% of the seed protein in soybeans. Using two-dimensional liquid
chromatography, the Kunitz trypsin inhibitor with a molecular weight of 20 kDa was successfully extracted
from soybeans [37]
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In green beans (Vigna radiata (L.) R. Wilczek) there is a source of vegetable protein, essential amino
acids and vitamin B9. In 100 g of green beans contains 159 micrograms of folic acid. has many health benefits.
Mung bean is known to contain a high trypsin inhibitor enzyme, so some researchers extracted T1 from green
beans which were successfully purified with a molecular weight of 14 kDa and stable at 90°C [10].

Peas (Pisum sativum L) are a type of nut in the Fabaceae family that can be found in a variety of
traditional Indonesian marketplaces. Peas, despite their small size and excellent nutritional value, provided four
grams of protein per 170 grams. Alkaloids, glycosides, flavonoids, isoflavones, phytic acid, saponins, and
tannins are among the bioactive components found in peas [38]. There is also a BBI which is a naturally
occurring plant protease that is known to have the potential to improve digestive tract health. BBI has been
isolated with a molecular weight of 7-8 kDa [21].

Lentils (Lens culinaris) are beans with a lens shape that has four colors. Lentils are high in protein but
low in fat and fiber. Lentils are a source of protein, vitamins, minerals, dietary fiber and folic acid. In addition,
lentils also contain biologically active substances such as enzyme inhibitors, lectins, phytates, oligosaccharides
and phenolic compounds [39]. The polyphenolic compounds contained in it have potential as antioxidants and
protect against various diseases such as diabetes, obesity, and cancer [40]. One of the enzyme inhibitors
contained in lentils is BBI. BBI was isolated with a molecular weight of 7 kDa[11].

Bitter melon known as bitter melon (Momordica charantia) is a plant from the cucurbitaceae family,
growing in tropical and sub-tropical regions [41]. Contains triterpene compounds, proteins, steroids, alkaloids,
lipids, and phenolic compounds [42]. Pare is known to have benefits as antidiabetic, antioxidant, antiviral and
antineoplastic. The trypsin inhibitor that has been isolated from bitter melon has a molecular weight of 12 kDa
[22] . The results of the isolation of the Tl enzyme from mung beans succeeded in isolating TI with a higher
amount than the amount of T1 from soybeans, peas, lentils, and bitter melon.

2. MetodePurifikasi

Based on the results of the literature review, trypsin inhibitor enzymes were purified by gel filtration
chromatography and ion chromatography methods. Purification of the trypsin inhibitor enzyme is a process to
increase the purity of the trypsin inhibitor enzyme which is expressed as the specific activity of the enzyme. Gel
filtration chromatography is a technique for separating molecules based on size and charge. SDS-PAGE is a
detergent that can denature secondary, tertiary and nondisulfide-linked structures and then coated with a
negative charge that correlates with length. Gel filtration chromatography is composed of low polyacrylamide
which allows the protein to move quickly and accumulate into tight bands before entering into a high percentage
of polyacrylamide. Proteins with small sizes will move faster [43].

lon exchange chromatography has been used for more than 50 years for the separation and purification
of proteins [44]. lon chromatography is used to carry different charges, which are stored in binding to the
matrix/column then collected in pure form and stored [45]. The pH of the binding and elution buffer is an
important factor for determining the protein charge, it can be done by calculating the isoelectric point of the
protein. Protein isoelectric point is pH, protein with acidic pH shows negatively charged protein, the
chromatography chosen is ion exchange and protein with alkaline pH shows positively charged protein, so the
selected chromatography is cation exchange [46].

The specific activity of an enzyme is the number of enzyme units per milligram of protein. Based on
the results of enzyme purification using the gel filtration chromatography method, TI from green beans had high
specific enzyme activity ranging from 5727 U/mg, compared to the specific activity of Tl enzymes from
soybeans which ranged from 3828/2917 U/mg, from peas 2476/2956 U /mg from bitter melon is 96 U/mg. This
shows that the TI from green beans has good purity. Because the purer the enzyme obtained, the higher the
activity will be [47]. the specific activity of an enzyme as well as a measure of the purity of the enzyme. activity
will increase according to the purity of the enzyme.

3. Efficacy of Trypsin Inhibitors in the Treatment of Colorectal Cancer

Trypsin inhibitor enzymes have been shown to be useful in the treatment of cancer. Several matrix
metalloproteinases (MMPs) involved in the breakdown of collagen and the basal membrane during the early
stages of malignancies are activated by serine proteases. MMP will stimulate cancer cells and maintain tumor
growth in the next stage. [48]. In colorectal cancer trypsin activates NF-kB signaling and actively expresses
matrix metalloproteinases (MMPs), which promote colorectal cancer invasion and metastasis [7]. Several
studies on trypsin inhibitor enzymes, which are known to have a variety of biological activities, including action
in inhibiting the trypsin enzyme and cancer cells, are now underway. Oceanimonassp.BPMS22 TI demonstrated
only minor anti-CML action and was non-toxic to normal cells. TI from Oceanimonassp.BPMS also has a
synergistic impact in the treatment of cancer-related thrombosis. Inhibition of serine proteases from
plasminogen activation in K562 cells revealed anti-cancer effect. [18]. Based on information from research
literature, the TI enzyme found in pinto beans exhibits antiproliferative action [16]. Tl extracted from
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Gymnocladuschinesis seeds demonstrated antiproliferative action against L1210 leukemia cells with an 1C50 of
4.7 uM and antiproliferative activity against MBL2 lymph cells with an 1C50 of 9.4 pM.

One of the anticancer activities of the trypsin inhibitor enzyme is to inhibit the growth of colorectal
cancer cells. The 1C50 value is one of the parameters used for anticancer effectiveness. The standard 1C50
values based on their cytotoxic activity are classified into several categories. The 1C50 value < 10 pg/mL is
categorized as very active in the sense that the cytotoxicity activity is very strong, 1C50 10-100 pg/mL has
strong cytotoxicity activity, IC50 100-500 pug/mL has moderate cytotoxicity [49]. If the IC50 value is more than
500 pg/mL, the chemical or compound has no cytotoxic effect [50]. Soybean IBB1 and IBBD2 are Bowman-
Birkisoinhibitors (BBIs) with antiproliferative effects and a high temperature tolerance. IBBD2's
antiproliferative activities were decreased after it was given the glycation effect in the presence of glucose. IBB1
is unaffected, therefore it can keep its antiproliferative capabilities against cancer cells colon HT29 [13]. The
IC50 inhibitory concentrations for IBB1 and IBBD2 in HT29 cell growth were not significantly different (39.9 =
2.3 and 48.3 £ 3.5 um). The resulting BBI treatment effect at a given dose, cells were blocked in the GO-GI
phase [20]. IBB1 and IBBD2 have strong cytotoxic activity because the 1C50 values are in the range of 10-100
pg/mL.

Regarding the possible potential of trypsin inhibitors in mung bean in cancer therapy, it was necessary
to develop an TI reconstruction study to target the GRP78 cell surface [8]. A glucose-regulated protein of
molecular mass 78 (GRP78) is present on the membranes of cancer cells. GRP78 can induce colorectal cancer
apoptosis. GRP78 is also involved in tumor cell proliferation, resistance, metastasis and angiogenesis [51].
GBP-TI With an 1C50 value of 20 um, mung bean can inhibit the development of colorectal cancer cells. Both
in vitro and in vivo studies have been conducted on GBP-TI. In colorectal cancer cells, GBP-TI has been found
to limit cell proliferation and promote apoptosis. The development of G1 phase arrest and the activation of
multiple apoptotic pathways are two of its anticancer effects.Green bean GBP-TI can decrease the development
of colorectal cancer cells with an 1C50 value of IC50 20 pum [8].

Pea (Pisum sativumL ) trypsin inhibitor enzyme action on the proliferation of colorectal cancer cells
with an 1C50 concentration of roughly 31um. Results According to published studies, rTI1B and rTI2B can
inhibit the development of HT29 cells in vitro better than soybean BBI [21]. The inhibitory effect of BBI on
adult lentils on the growth of human colon adenocarcinoma HT29 cells was determined using a cytotoxic NR
with a BBI concentration (19-76 uM).The results showed that BBI Lentils may suppress the proliferation of
HT29 cells from colon cancer cells at a concentration of more than 19 yuM. The inhibitory impact was at the
given dose. 32 um IC50 (concentration inhibition value)[11].Trypsin inhibitor from bitter melon has an
inhibitory effect with 1C50 values of 217 ug/mL and ED50 134 showing its ability to cause cytotoxicity against
colon cancer HCT-166 and HT-29, the resulting cytotoxic expresses apoptosis[24]. The mechanism of action of
trypsin inhibitors in inhibiting the growth of colorectal cancer cells is by electrostatic interactions between the
Arg63 side chain of Tl and the Asp189 side chain in the trypsin enzyme, including three catalytic active sites
(His57, Aspl102, and ser195) and one Asp189 binding site has succeeded in blocking the center active trypsin
and effectively prevents substrate binding to trypsin [52], As a result, the trypsin enzyme inhibits NF-KB
signaling and MMP expression. The better the cytotoxicity activity produced, the lower the IC50 value. As a
result, GBP-TI has the potential to be used as a candidate for herbal medicine in the treatment of colorectal
cancer.

V. Conclusion

Based on the results of a review of scientific articles, some of them are Glycine max L. Seeds, Vigna
radiata (L.) R. Wilczek, Pisum sativum L, Lens culinaris, Momordica charantia which can produce trypsin
inhibitor enzymes that have been proven either in vitro or in vitro. in vitro vivo has colorectal cancer cell growth
activity. The enzyme purification method used is gel filtration chromatography and ion exchange
chromatography. The most potential trypsin inhibitor enzyme to be investigated as a candidate for herbal
medicine in colorectal cancer therapy is GBP-TI from the organism Vigna radiata (L.) R. Wilczek GBP_TI with
strong cytotoxicity activity allows it to be used as an active ingredient for colorectal cancer treatment therapy.

References
[1] S. Pangribowo, "Indonesian Ministry of Health data and information center", 2019
[2] M. Kimman, R. Norman, S. Jan, and D. Kingston, “The Burden of Cancer in Member Countries of the Association of Southeast
Asian Nations ( ASEAN ),” 2012, doi: 10.7314/APJCP.2012.13.2.411
[3] F. Bray, J. Ferlay, I. Soerjomataram, R. L. Siegel, L. A. Torre, and A. Jemal, “Global cancer statistics 2018: GLOBOCAN

estimates of incidence and mortality worldwide for 36 cancers in 185 countries,” CA: A Cancer Journal for Clinicians, vol. 68, no.
6, pp. 394424, 2018, doi: 10.3322/caac.21492.

[4] M. S. Padang and L. Rotty, “Colonic Adenocarcinoma : Case Report,” e-CliniC, vol. 8, no. 2, pp. 229-236, 2020, doi:
10.35790/ecl.8.2.2020.30539.
[5] M. L Sari, I. Wahid, and A. Suchitra, “Adjuvant Chemotherapy In Colorectal cancer,” Jurnal Kesehatan Andalas, vol. 8, no. 1S, p.

51, 2019, doi: 10.25077/jka.v8i1s.925.

DOI: 10.9790/5736-1406015863 www.iosrjournals.org 61 [Page



Potential Inhibitor Tripsin Enzyme In The Treatment Of Colorectal Cancer: A Review

[6]
[7]
(8l

[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]
[24]
[25]

[26]

[27]

[28]
[29]
[30]
[31]

[32]

[33]

S. P. Gupta and S. D. Gupta, Cancer-leading proteases : An introduction. Elsevier Inc., 2020.

E. A. M. Janssen and J. P. A. Baak, “proliferation , invasion , and metastasis Trypsin in colorectal cancer : molecular biological
mechanisms of proliferation , invasion , and metastasis,” no. April 2020, 2006, doi: 10.1002/path.1999.

Z. Li et al., “Reconstructed mung bean trypsin inhibitor targeting cell surface GRP78 induces apoptosis and inhibits tumor growth
in colorectal cancer,” International Journal of Biochemistry and Cell Biology, vol. 47, no. 1, pp. 68-75, 2014, doi:
10.1016/j.biocel.2013.11.022.

H. Yamamoto, S.Iku, Y. Adachi, A. Imsumran, H. Taniguchi, and K. Nosho, “Association of trypsin expression with tumour
progression and matrilysin expression in human colorectal cancer,” pp. 176-184, 2003, doi: 10.1002/path.1277.

S. Klomklao, S. Benjakul, H. Kishimura, and M. Chaijan, “Extraction, purification and properties of trypsin inhibitor from Thai
mung bean (Vigna radiata (L) R. Wilczek),” Food Chemistry, vol. 129, no. 4, pp. 1348-1354, 2011, doi:
10.1016/j.foodchem.2011.05.029.

P. Caccialupi, L. R. Ceci, R. A. Siciliano, D. Pignone, A. Clemente, and G. Sonnante, “Bowman-Birk inhibitors in lentil:
Heterologous expression, functional characterisation and anti-proliferative properties in human colon cancer cells,” Food
Chemistry, vol. 120, no. 4, pp. 1058-1066, 2010, doi: 10.1016/j.foodchem.2009.11.051.

E. F. Fang, J. H. Wong, and T. B. Ng, “Thermostable Kunitz trypsin inhibitor with cytokine inducing , antitumor and HIV-1
reverse transcriptase inhibitory activities from Korean large black soybeans,” JBIOSC, vol. 109, no. 3, pp. 211-217, 2010, doi:
10.1016/j.jbiosc.2009.08.483.

R. Olias, C. Becerra-Rodriguez, J. R. Soliz-Rueda, F. J. Moreno, C. Delgado-Andrade, and A. Clemente, “Glycation affects
differently the main soybean Bowman-Birkisoinhibitors, IBB1 and IBBD2, altering their antiproliferative properties against HT29
colon cancer cells,” Food and Function, vol. 10, no. 9, pp. 6193-6202, 2019, doi: 10.1039/c9fo01421g.

J. S. Cisneros, J. Cotabarren, M. G. Parisi, M. W. Vasconcelos, and W. D. Obregén, “Purification and characterization of a novel
trypsin inhibitor from Solanum tuberosum subsp. andigenum var. overa: Study of the expression levels and preliminary evaluation
of its antimicrobial activity,” International Journal of Biological Macromolecules, vol. 158, pp. 1279-1287, 2020, doi:
10.1016/j.ijbiomac.2020.04.217.

M. J. Zhu, G. Q. Zhang, H. X. Wang, and T. B. Ng, “Isolation and Characterization of a Kunitz-Type Trypsin Inhibitor with
Antiproliferative Activity from Gymnocladus Chinensis ( Yunnan Bean ) Seeds,” pp. 240-246, 2011, doi: 10.1007/s10930-011-
9325-1.

Y. S. Chan et al., “A thermostable trypsin inhibitor with antiproliferative activity from small pinto beans A thermostable trypsin
inhibitor with antiproliferative activity from small pinto beans,” vol. 6366, 2014, doi: 10.3109/14756366.2013.805756.

J. Cotabarren, D. J. Broitman, E. Quiroga, and W. D. Obregén, “GdTI, the first thermostable trypsin inhibitor from
Geoffroeadecorticans seeds. A novel natural drug with potential application in biomedicine,” International Journal of Biological
Macromolecules, vol. 148, pp. 869-879, 2020, doi: 10.1016/j.ijbiomac.2020.01.214.

B. S. Harish, M. R. C. Raja, S. K. Mahapatra, and K. B. Uppuluri, “Production Enhancement of an Anticoagulant Trypsin
Inhibitor from Oceanimonas sp. BPMS22 and Its Anti-cancer Activity,” International Journal of Peptide Research and
Therapeutics, no. 0123456789, 2020, doi: 10.1007/s10989-020-10078-8.

Z. Wang, X. Li, J. Tian, Y. Chu, and Y. Tian, “Cloning, heterologous expression and characterization of a novel streptomyces
trypsin in Bacillus subtilis SCK6,” International Journal of Biological Macromolecules, vol. 147, pp. 890-897, 2020, doi:
10.1016/j.ijbiomac.2019.09.248.

A. Clemente, F. J. Moreno, M. del C. Marin-Manzano, E. Jiménez, and C. Domoney, “The cytotoxic effect of Bowman-
Birkisoinhibitors, 1BB1 and IBBD2, from soybean (Glycine max) on HT29 human colorectal cancer cells is related to their
intrinsic ability to inhibit serine proteases,” Molecular Nutrition and Food Research, vol. 54, no. 3, pp. 396-405, 2010, doi:
10.1002/mnfr.200900122.

A. Clemente, M. Carmen Marin-Manzano, E. Jiménez, M. Carmen Arques, and C. Domoney, “The anti-proliferative effect of
TI1B, a major Bowman-Birkisoinhibitor from pea (Pisum sativum L.), on HT29 colon cancer cells is mediated through protease
inhibition,” British Journal of Nutrition, vol. 108, no. SUPPL. 1, 2012, doi: 10.1017/S000711451200075X.

J. Varghese and A. Gajbhiye, “Purification and characterization of trypsin inhibitor protein from seeds of Momordica dioica
PURIFICATION AND CHARACTERIZATION OF TRYPSIN INHIBITOR PROTEIN FROM SEEDS OF,” no. March 2016,
2017.

V. P. Dia and H. B. Krishnan, “BG-4, a novel anticancer peptide from bitter gourd (Momordica charantia), promotes apoptosis in
human colon cancer cells,” Scientific Reports, vol. 6, no. September, pp. 1-12, 2016, doi: 10.1038/srep33532.

I. The, S. Nncs, and L. Nncs, “Non-Nutritive Compounds in Fabaceae Family Seeds and the Improvement of Their Nutritional
Quality by Traditional Processing — a Review,” vol. 64, no. 2, pp. 75-89, 2014, doi: 10.2478/v10222-012-0098-9.

T. Lukanc, J. Brzin, J. Kos, and J. Saboti¢, “Trypsin-specific Inhibitors from the Macrolepiota procera , Armillaria mellea and
Amanita phalloides wild mushrooms,” vol. 64, no. 1, pp. 21-24, 2017.

M. B. Malefo, E. O. Mathibela, B. G. Crampton, and M. E. Makgopa, “Investigating the role of Bowman-Birk serine protease
inhibitor in Arabidopsis plants under drought stress,” Plant Physiology and Biochemistry, vol. 149, no. February, pp. 286-293,
2020, doi: 10.1016/j.plaphy.2020.02.007.

J. Zhou et al., “Structural and functional relationship of Cassia obtusifolia trypsin inhibitor to understand its digestive resistance
against Pieris rapae,” International Journal of Biological Macromolecules, vol. 148, pp. 908-920, 2020, doi:
10.1016/j.ijbiomac.2020.01.193.

A. C. B. Cruz et al., “Bioinsecticidal activity of a novel Kunitz trypsin inhibitor from Catanduva (Piptadenia moniliformis) seeds,”
Plant Physiology and Biochemistry, vol. 70, pp. 61-68, 2013, doi: 10.1016/j.plaphy.2013.04.023.

Z. Alias and K. Simarani, “Trypsin Inhibitor Isolated from Streptomyces misionensis UMS1 Has Anti-Bacterial Activities and
Activates a-Amylase 1,” vol. 52, no. 3, pp. 256262, 2016, doi: 10.1134/S0003683816030133.

E. F. Fang et al., “Isolation of a New Trypsin Inhibitor from the Faba Bean ( Viciafaba cv . Giza 843 ) with Potential Medicinal
Applications,” pp. 64—72, 2011.

H. Wan et al., “A Spider-Derived Kunitz-Type Serine Protease Inhibitor That Acts as a Plasmin Inhibitor and an Elastase
Inhibitor,” vol. 8, no. 1, pp. 1-8, 2013, doi: 10.1371/journal.pone.0053343.

B. S. Harish and K. B. Uppuluri, “Modeling of growth kinetics for an isolated marine bacterium, Oceanimonas sp. BPMS22
during the production of a trypsin inhibitor,” Preparative Biochemistry and Biotechnology, vol. 48, no. 6, pp. 556-563, 2018, doi:
10.1080/10826068.2018.1476878.

T. Trismilah, A. Nurhasanah, W. Sumaryono, A. Malik, and M. Sadikin, “Optimization of Trypsin-like Protease Production by
Lactobacillus plantarum FNCC 0270 using Response Surface Methodology,” Makara Journal of Science, vol. 19, no. 2, pp. 64—
72, 2015, doi: 10.7454/mss.v19i2.4776.

DOI: 10.9790/5736-1406015863 www.iosrjournals.org 62 |Page



Potential Inhibitor Tripsin Enzyme In The Treatment Of Colorectal Cancer: A Review

[34] Y. Zhang, Z. Ling, G. Du, J. Chen, and Z. Kang, “Improved Production of Active Streptomyces griseus Trypsin with a Novel
Auto-Catalyzed Strategy,” Nature Publishing Group, no. December 2015, pp. 1-11, 2016, doi: 10.1038/srep23158.

[35] P. C. Oliveira et al., “BiochimieVioserpin , a serine protease inhibitor from Gloeobacter violaceus possibly regulated by heparin,”
vol. 127, pp. 115-120, 2016, doi: 10.1016/j.biochi.2016.05.006.

[36] V. Kumar, A. Rani, M. Shuaib, and P. Mittal, “Comparative Assessment of Trypsin Inhibitor vis-a-vis Kunitz Trypsin Inhibitor
and Bowman-Birk Inhibitor Activities in Soybean,” no. 2004, 2018, doi: 10.1007/s12161-018-1227-9.

[37] T. Zhou, S. Han, Z. Li, and P. He, “Purification and Quantification of Kunitz Trypsin Inhibitor in Soybean Using Two-
Dimensional Liquid Chromatography,” Food Analytical Methods, vol. 10, no. 10, pp. 3350-3360, 2017, doi: 10.1007/s12161-017-
0902-6.

[38] O. A. Bello, O. 1. Ayanda, O. S. Aworunse, and B. I. Olukanmi, “Pharmacognosy Reviews,” vol. 1, no. 2, pp. 8-15, 2018, doi:
10.4103/phrev.phrev.

[39] D. Shahwar, T. M. Bhat, M. Y. K. Ansari, S. Chaudhary, and R. Aslam, “cept us cr t,” vol. 2912, no. February, 2017, doi:
10.1080/10942912.2017.1287192.

[40] K. Ganesan, “Polyphenol-Rich Lentils and Their Health Promoting Effects,” 2017, doi: 10.3390/ijms18112390.

[41] P. Kesariet al., “Structural characterization and in-silico analysis of Momordica charantia 7S globulin for stability and ACE
inhibition,” Scientific Reports, vol. 10, no. 1, pp. 1-13, 2020, doi: 10.1038/s41598-020-58138-9.

[42] M. Gupta, S. Sharma, A. K. Gautam, and R. Bhadauria, “Review Article MOMORDICA CHARANTIA LINN .( KARELA ):
NATURE ’ S SILENT HEALER,” vol. 11, no. 1, pp. 32-37, 2011.

[43] J. L. Brunelle and R. Green, One-dimensional SDS-Polyacrylamide Gel, 1st ed., vol. 541. Elsevier Inc., 2014.

[44] O. Chemistry, “Ion exchange chromatography,” pp. 93-133, 2011.

[45] S. Goc, “IS IN IT 10,” 2017, doi: 10.2144/000114575.

[46] K. C. Duong-ly and S. B. Gabelli, Using lon Exchange Chromatography to Purify a Recombinantly Expressed Protein, 1st ed.,
vol. 541. Elsevier Inc., 2014.

[47] G. .Djarkasisuharti, S. Raharjo, and Z. Noor, “Isolation and Specific Activity of Indigenous Lipase Enzyme in Canarium Nut,”
vol. 8, 2017.

[48] A. Gitlin-Domagalska, A. Maciejewska, and D. Debowski, “Bowman-birk inhibitors: Insights into family of multifunctional
proteins and peptides with potential therapeutical applications,” Pharmaceuticals, vol. 13, no. 12, pp. 1-40, 2020, doi:
10.3390/ph13120421.

[49] N. Weerapreeyakul, A. Nonpunya, S. Barusrux, and T. Thitimetharoch, “Evaluation of the anticancer potential of six herbs against
a hepatoma cell line,” pp. 1-7, 2012.

[50] S. Machana, N. Weerapreeyakul, S. Barusrux, and A. Nonpunya, “Cytotoxic and apoptotic effects of six herbal plants against the
human hepatocarcinoma,” pp. 2-9, 2011.

[51] H. Y. Lee et al., “GRP78 protein expression as prognostic values in neoadjuvant chemoradiotherapy and laparoscopic surgery for
locally advanced rectal cancer,” Cancer Research and Treatment, vol. 47, no. 4, pp. 804-812, 2015, doi: 10.4143/crt.2014.121.

[52] Y. Xu, P. Zhang, X. Liu, Z. Wang, and S. Li, “Preparation and Irreversible Inhibition Mechanism Insight into a Recombinant
Kunitz Trypsin Inhibitor from Glycine max L. Seeds,” Applied Biochemistry and Biotechnology, vol. 191, no. 3, pp. 1207-1222,
2020, doi: 10.1007/s12010-020-03254-5.

. Soni Muhsinin, et. al. “Potential Inhibitor Tripsin Enzyme in the Treatment of Colorectal Cancer:
4 A Review.” IOSR Journal of Applied Chemistry (IOSR-JAC), 14(6), (2021): pp 58-63.
I

wn



