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ABSTRACT
Introduction: Alpha-Momorcharin (α-MMC) is a member of the ribosome-inactivating protein
(RIP) family that has been widely used as an antitumor, antiviral and antifungal agent. Methods:
In this study, the codons of DNA encoding α-MMC were optimized for expression in E. coli and
cloned into the pET-28a(+) vector. The protein was then expressed in E. coli strain BL21 (DE3) and
purified by nickel affinity chromatography. Results: Under IPTG induction, α-MMC was expressed
at approximately 50% of the total protein, showing high-level recombinant protein expression in E.
coli. A high amount of purified α-MMC (70 mg) was isolated from 1 L LB culture medium of E. coli
BL21 (DE3) with approximately 95% purity. Interestingly, α-MMC inhibited the mycelial growth of
Pyriculariaoryzae in a concentration-dependentmanner. Conclusion: Using amicrobial system for
α-MMC expression provides a promisingmethod for the design of a new agent against pathogens.
Key words: Alpha-Momocharin, E. coli, Expression, Inhibition, Pathogens

INTRODUCTION
Ribosome-inactivating proteins (RIPs) are found in
many plant species within different tissues. RIPs can
act as protein synthesis inhibitors because of their tox-
icity with the ability to biologically inhibit the synthe-
sis of proteins based on N-glycosidase activity 1. The
potential applications of RIPs have been widely stud-
ied in both medicine and agriculture (Figure 1)2,3. In
medicine, RIPs are fused with antibodies or other car-
riers to generate immunotoxins or toxic agents to can-
cer cells2,4–6. In agriculture, RIPs are expressed in
plants under stressful conditions to resist infection by
pathogens such as viruses, fungi and insects 7–11.
Alpha-Momorcharin (α-MMC) belongs to a mem-
ber of the ribosome-inactivating protein (RIP) family,
which is abundantly found in the seeds ofMomordica
charantia12–14.The α-MMC protein has various im-
portant agricultural activities, such as antifungal and
antiviral activities7,15,16. Insight into the mechanism
of α-MMC against fungal and viral pathogens has
been studied. α-MMC can directly inhibit pathogens
by entering the cell wall through the endoplasmic
reticulum, leading to inhibition of protein synthesis,
thereby inhibiting fungal growth and killing fungal
cells16. However, there is increasing evidence that
the main cause of toxicity in germ cells is their abil-
ity to induce reverse inhibition of apoptosis. α-MMC
inhibits the synthesis of protein by hydrolytically re-
moving a specific residue of adenine from a single-
stranded loop of rRNA1. The hydrolysis of the N-

glycosidic bond takes place on the highly conserved
Sarcin/Ricin Loop region of the rRNA, which inter-
rupts the interaction of elongation factor II (EF-2),
causing the ribosome to fail to bind and ultimately in-
hibit protein synthesis at the translation step, causing
cell death17.
Many studies have demonstrated that the α-MMC
protein plays an important role in many fields. The
most promising application of α-MMC in medicine
is in the prevention of cancer. α-MMC has also been
shown to inhibit the growth of breast cancer cells
through inhibition of tumor growth and induction
of apoptosis6,18–22. In addition, α-MMC is a po-
tential therapeutic agent for HIV/AIDS via its abil-
ity to inhibit HIV replication in acutely and chroni-
cally infected cells23,24. In agriculture, the α-MMC
protein showed a wide range of antiviralactivity (re-
sistant to Chili veinal mottle virus, Cucumber mosaic
virus, Tobacco mosaic virus)16 and antifungal activ-
ity (resistant to Fusarium spp., Aspergillus spp., Scle-
rotinia sclerotiorum, Bipolaris maydis, Magnaporthe
grisea)11. In fact, extraction of α-MMC protein from
the seeds of bitter melon by traditional techniques has
limited the mass of protein for studying the structure
and biological functions of traditional approaches25.
In this study, we aimed to clone, express, and purify
α-MMC protein with high purity in an E. coli sys-
tem. The isolated protein was used to resist Pyricu-
laria oryzae. This finding shows great promise for the
expansion of potential α-MMC protein applications
against pathogens.

Cite this article : Nguyen T T T, Dang D T. Molecular cloning and isolation of a recombinant 
alpha-Momorcharin in E. coli against Pyricularia oryzae. Sci. Tech. Dev. J.; 2023, 26(1):2665-2671.

2665

https://crossmark.crossref.org/dialog/?doi=10.32508/stdj.v26i1.4023&domain=pdf&date_stamp=2022-4-15


Science & Technology Development Journal 2023, 26(1):2665-2671

Figure 1: Ribosome-inactivating proteins (RIPs) have antitumor, anti-inflammatory, antifungal and antiviral activ-
ities.

MATERIALS ANDMETHODS

Construction of plasmid

A target α-MMC protein was generated in plasmid
pET28a(+). The DNA sequence encoding α-MMC
was obtained from GenBank (CAA40869.1). DNA
of α-MMC ,which was optimized by the codon op-
timization tool from Integrated DNA Technologies
(IDT) for expression in the E. coli system26, was then
synthesized by the Macrogen company (Korea).DNA
encodingα-MMCwas amplified by PCR using theα-
MMC gene (optimal codons, IDT, USA) as the tem-
plate and the primer pair ONF/ONR (ONF: 5’-cag cca
tat gga tgt tag ctt tcg ttt gtc ggg tgc tga t -3’; ONR: 5’-
ggt gct cga gtc agt agc tcg aaa agc cat gtg -3’). The pcr
product was inserted into treated pET28a(+) (Merck
Millipore, Germany) at the NdeI and XhoI sites by T4
DNA ligase, resulting in the generation of the plasmid
pET-MMC.
Amino acid sequence of α-MMC protein:
MGSSHHHHHHHHSSGLVPRGSHMDVSFRL
SGADPRSYGMFIKDLRNALPFREKVYNIPLLL
PSVSGAGRYLLMHLFNYDGKTITVAVDVTNV
YIMGYLADTTSYFFNEPAAELASQYVFRDARR
KITLPYSGNYERLQIAAGKPREKIPIGLPALDSA
ISTLLHYDSTAAAGALLVLIQTTAEAARFKYIEQ
QIQERAYRDEVPSLATISLENSWSGLSKQIQLA
QGNNGIFRTPIVLVDNKGNRVQITNVTSKVVT
SNIQLLLNTRNIAEGDNGDVSTTHGFSSY

Expression and purification of proteins
The plasmid pET-MMC encoding the α-MMC pro-
tein was chemically transformed into E. coli strain
BL21 (DE3). The bacteria were cultured in Luria-
Bertanimedium (LB) containing 40mg/L kanamycin,
and the E. coli cells were grown at 37 ◦C with shaking
at 200 rpm to reach an OD600 of 0.8-1. IPTG (Sigma
Aldrich, St. Louis, USA) was subsequently added to a
final concentration of 0.75 mM. The E. coli cells were
continuously incubated for 10 hours at 15 ◦C with
shaking at 200 rpm before being harvested by cen-
trifugation. The pellet was then resuspended in lysis
buffer consisting of 20 µg/mlDNase I and 1mMPMS.
The cell wall was broken by sonication, and the insol-
uble cell debris was then removed by centrifugation
at 20000 rpm for 1 hour at 4 ◦C. The soluble fraction
was added to aHis-tag column (Thermo Fisher Scien-
tific, Waltham, MA, USA). Subsequently, the column
was washed with 30 volumes of column with 20 mM
Tris-HCl, 100mMNaCl and 10mM imidazole buffer,
pH 7. The proteins were finally eluted with buffer
containing 20 mM Tris-HCl, 100 mMNaCl and vari-
ous imidazole concentrations. The imidazole chemi-
cal in the protein solution was removed by centrifuga-
tion using an Amicon Ultra15 centrifugal filter (EMD
Milipore). The pure α-MMC protein was collected
and analyzed by SDS−PAGE. Total protein expression
was analyzed by AlphaEase software. The pure pro-
tein was measured by a NanoDrop spectrophotome-
ter (Thermo Fisher Scientific, USA).
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Testing the antifungal activity of α-MMC
against pathogens
Initial experiments investigated the antifungal activ-
ity against Pyricularia oryzae. The α-MMC protein
with different concentration ranges and control (wa-
ter) samples were evenly added to the surface of the
PDA-agar plate. Subsequently, the fungal suspension
and control water samples were added into the center
of the PDA-agar plate and incubated for 24 hours at
28 ◦C 27.

RESULTS

Construction of plasmid pET-MMC
The DNA sequence of α-MMC was first optimized
for expression in an E. coli system by the codon op-
timization tool from Integrated DNA Technologies
(IDT). The α-MMC gene was provided with the best
sequence option by screening and filtering sequences
to lower complexity and minimize secondary struc-
tures. The α-MMC gene fragment was amplified by
PCR with a pair of specific primers ONF and ONR
with additional restriction enzyme cutting sites NdeI
(forward primer) and XhoI (reverse primer). PCR
productswere analyzed by gel electrophoresis with 2%
agarose, which showed a single bright band near the
800 bp band of the DNA ladder (Figure 2A), corre-
sponding to the theoretical size of the α-MMC gene
fragment of 812 bp.
The pET28 plasmid and the α-MMC target gene af-
ter treatment with 2 restriction enzymes, XhoI and
NdeI, were cloned by T4 DNA ligase. The ligated
product was transformed into E. coli strain DH5α
and spread on LB-agarmedium containing the antibi-
otic kanamycin. The colonies grown on the medium
were selected to clarify the presence of recombinant
vector in E. coli strain DH5α by colony PCR. The
electrophoresis results showed that 2 colonies (in 7
selected colonies) revealed a band at approximately
1000 bp of the DNA ladder, corresponding to the the-
oretical size design (1055 bp) (Figure 2B).The recom-
binant DNA was then sequenced by Macrogen. Inc.
(Korea). The sequencing result revealed 100% simi-
larity with the theoretical sequence (data not shown)
that clarifies the recombinant vector pET-MMC bear-
ing the α-MMC gene.

Protein expression and purification
To investigate the expression of the α-MMC pro-
tein in a bacterial system, the recombinant plasmid
pET-MMC was chemically transformed into the E.
coli strain BL21(DE3). The IPTG for induction was

added after the cells were grown to reach OD6000.8-
1. The level of protein expression was analyzed
by SDS−PAGE. The results showed that there was a
bright band of protein near the 30 kDa band of the
ladder, corresponding to the theoretical molecular
weight of the α-MMC protein (31.388 Da) under the
addition of IPTG. In contrast, the α-MMC protein
was not expressed without the addition of IPTG. Us-
ing the AlphaEase FC Software (Alpha Innotech) for
calculation of protein expression28, the α-MMC pro-
tein was expressed with a high protein level in E. coli
of approximately 50%of total protein under induction
of IPTG (Figure 3A).
The α-MMC protein was designed with 6xHis for pu-
rification. α-MMC fused with a His-tag at the N-
terminus was purified by chromatography using the
His-tag column. SDS−PAGE showed that pure α-
MMC was collected after elution with different con-
centrations of imidazole (Figure 3B). The molecular
weight of α-MMC is 31.388 Da, which shifted near
the 30 kDa band of the ladder. Using the NanoDrop
spectrophotometer tomeasure the protein concentra-
tion (total protein fragments with imidazole concen-
trations of 100 to 200 mM), approximately 70 mg of
pureα-MMCwas obtained in 1L LB culturemedium,
which implies that α-MMC can be highly expressed
in bacterial systems.

Effect ofα-MMCproteinonmycelial growth
of Aspergillus nomius and Pyricularia
oryzae
The α-MMC protein has previously been shown to
confer resistance to fungi by blocking the spread of
pathogens. In this study, we tested the antifungal
activity of the α-MMC protein against Pyricularia
oryzae (causing blast disease). Compared with the
control, the difference between treatments with vari-
ant α-MMC protein concentrations was evident in
the assays. Treatments with 5 µM, 20 µM, 100 µM
and 200 µM α-MMC against Pyricularia oryzae (Fig-
ure 4) showed that the mycelial growth of fungi was
inhibited in a concentration-dependent fashion af-
ter 24 hours of incubation. Specifically, for Pyricu-
laria oryzae treated with water as the control, the fun-
gal colonies were brown in color and spread over the
plate. At low concentrations ofα-MMC(5 µMand 20
µM), the inhibition of fungal growth was still weak,
with a diameter of fungal colonies of 3.4 cm. Increas-
ing concentrations ofα-MMCat 100 µMand200 µM
clearly showed antimicrobial activity against the blast
fungus with a colony diameter of 1.75 cm and non-
fungal growth, respectively (Figure 4).
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Figure 2: DNA electrophoresis. A) PCR product of the α-MMC gene (812 bps). (B) PCR products (1055 bps) of 7
random colonies from the culture plate, M (DNA Marker).

Figure 3: SDS−PAGE of α-MMC protein. A) Protein expression in E. coli with (+) and without (-) IPTG inducer. B)
Homogeneous α-MMC was eluted with different concentrations of imidazole, M (protein marker).
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Figure 4: Testing of antifungal activity of protein α-MMC. Growth inhibition of Pyricularia oryzae on PDA
medium at different concentrations of α-MMC: control (water), 0 µM, 5 µM, 20 µM, 100 µM and 200 µM. All
experiments were incubated for 24 h at 28 ◦C.

DISCUSSION
RIPs (ribosome-inactivating proteins) have attracted
the attention of biologists in the field of biomedical
research because of their diverse activities, including
anticancer, antiviral and anti-inflammatory effects.
Many studies have demonstrated that RIPs are po-
tent protein toxins with diverse biopharmacological
properties, notably rRNAN-glycosidase activity 1. α-
MMC is a member of the RIP family that has been
extracted from the seeds ofMomordica charantia and
plays a role in antitumor, antiviral, and antifungal
activities. However, the biological functions of α-
MMC are still not fully understood, partly because
of the difficulty in purifying this protein from seeds
with traditional approaches25. Mass production of
α-MMC is needed for further studies of functional
analysis and applications. Using the E. coli system
for the expression of α-MMC has been considered
an efficient approach for producing high amounts of
protein. Herein, optimization of codons for expres-
sion in the E. coli system allows lower complexity and
minimizes secondary structures. The expression of
α-MMC in E. coli strain BL21 (DE3) was approxi-
mately 50% of the total proteins under the induction
of IPTG, indicating high-level recombinant protein

expression in the bacterial system. Using the His-tag
column, approximately 70 mg of α-MMC with 95%
purity was isolated from 1 L LB culture medium. This
shows that α-MMC is expressed in the soluble phase
and can easily be purified for functional analysis. Pre-
liminary data showed that α-MMC was able to in-
hibit the mycelial growth of Pyricularia oryzae in a
concentration-dependent fashion. This is in line with
a previous study of α-MMC activity against other
fungi, such as Fusarium solani and Fusarium oxyspo-
rum11. The fungal-inhibiting activity ofα-MMCmay
be involved in RNAN-glycosidase and nuclease activ-
ities11.

CONCLUSIONS
In this study, the pET-MMC vector carrying an α-
MMC target gene was genetically generated. This re-
combinant vector was able to be expressed in an E. coli
system with a high amount of α-MMC protein in the
presence of the inducer IPTG. The α-MMC protein
was homogeneously isolated by chromatography us-
ing aHis-tag column. Preliminary results showed that
α-MMC had activity against Pyricularia oryzae. This
is the basis for further studies, including detailed eval-
uation of the growth inhibition of mycelium for in-
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vestigation of the anticancer, anti-inflammatory, an-
tifungal and antiviral activities.
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