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ABSTRACT

Thai bitter melon, or Ma-Ra-Khee-Nok, is an M. charantia L. variety that is widely cultivated in
Thailand. Thai bitter melon exhibits various pharmacological activities, including antidiabetic and antiviral.
Many phytochemicals are found in various parts of this plant, notably ribosome-inactivating proteins (RIPs) in
fruits and seeds. MAP30 is a well-known type | RIP isolated from seeds of the Chinese bitter melon. MAP30
exhibits various pharmacological activities, such as cytotoxicity and anti-HIV activity. However, there are no
reports on MAP30 sequence information in Thai bitter melons. There have been only reported on MRK29 protein
which exhibits anti-HIV reverse transcriptase activity, but only 20 amino acid sequences from the N-terminal
were identified. In this study, we obtained 17 sequences with a high nucleotide sequence identity (>99%) with
MAP30. Of these, one sequence (McRIP001) had double substitutions at the leading sequence, twelve partial
(mature) sequences had an identity of 100%, and two sequences (McRIP002) had a single substitution (silent
mutation) at the same position. Moreover, two sequences, McRIP003 and McRIP004, had a single substitution at
different positions. Phylogenetic analysis of amino acid sequences demonstrated a close relationship between the
obtained sequences and MAP30. Homology modelling revealed that the mutation points did not involve RNA N-
glycosidase active sites. The cloning of MRK29 was unsuccessful due to the limit of available information. The
present study provides a valuable reference for further research and quality control of healthcare products from
Thai bitter melon.
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1. INTRODUCTION medicine. Major pharmacological activities that have

been observed in bitter melon include abortifacient, anti-

Momordica charantia L. (M. charantia), also
known as bitter melon, belongs to the Cucurbitaceae
family. M. charantia is cultivated in many regions glo-
bally, including Asia, South America, and Africa. It has
many varieties and local names, including the Chinese
variety (lai-pu-tao, ku-gua), Japanese variety (goya),
Indian variety (karela), Vietnamese variety (la khoqua),
and Thai variety (mara)'2. Varieties differ substantially
in the shape and bitterness of the fruit. However, they
have the same scientific name as Momordica charantia
L.%. The plant has been widely used as herbal anti-aging
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diabetic, antibacterial, antiviral, and antitumor*. These
characteristics have been correlated with the presence
of phytochemicals, including saponins, alkaloids, triter-
penes, steroids, and proteins. Several compounds have
been isolated from all plant parts, such as momordicins,
charantins, cucurbitins, and goyaglycosides®. Charantins,
a mixture of steroidal saponins found in the fruits of M.
charantia exhibit hypoglycaemic activity®’. Many pro-
teins and peptides which possess RNA N-glycosidase,
DNase-like, antitumor, immunosuppressive, and anti-
microbial activities have also been isolated, such as
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ribosome-inactivating proteins (RIPs), momordica
anti-HIV protein of 30 kDa (MAP30), and momorcharins
(MMC)2. These compounds are of interest to researchers
and have been studied to confirm their pharmacological
activities.

RIPs are a highly toxic protein family charac-
terised by rRNA N-glycosidase (EC 3.2.2.22) that has
been identified in plants, fungi, algae, and bacteria®.
RIPs can cleave a specific base adenine (Aszss) from the
28s ribosomal RNA (rRNA) of the eukaryotic ribosome.
In addition to RNA N-glycosidase activity, RIPs also
exhibit adenosine glycosidase, RNase, DNase-like,
superoxide dismutase, anti-HIV, and antimicrobial
activities’®15, RIPs can be categorised into three types:
RIPs with a single polypeptide (enzymatic subunit, chain
A) are classified as type |, the structure with chain A
binding to a lectin-like subunit (chain B) with a disul-
phide bond is classified as type Il, and the synthesised
precursor or inactive form with a domain similar to type
| is classified as type 11181627,

MAP30 is a well-known type | RIP isolated
from the seeds of M. charantia. MAP30, which has a
molecular weight of 30 kDa, consists of 287 amino acids
1819 and exhibits various pharmacological activities,
particularly cytotoxic activity in various cancer cell lines,
such as bladder cancer, melanoma, prostate carcinoma,
and breast cancer?2%, It has been reported that MAP30
can downregulate the expression of HER2, a human
epidermal growth factor receptor-2. Overexpression of
HER?2 has been observed in many human breast cancers.
Thus, MAP30 has the potential for development as an
anti-breast cancer therapy?>%. Additionally, MAP30 has
been observed to inhibit HIV-1 reverse transcription,
integration, and syncytium formation between infected
and new white blood cell*%. Moreover, it has been
reported that a-momorcharin (a-MMC) from M. charantia
exhibits similar bioactivities as MAP30%. The molecular
weight of a-MMC is 29 kD%, which is slightly different
from that of MAP30. These two proteins were confirmed
as glycoproteins which displayed an inhibitory effect on
lung adenocarcinoma A549 cell?8. In addition, e-MMC
also shows an immunosuppressive effect?® and stimu-
lates inflammatory responses in human monocytes®.

Thai bitter melon, or Ma-Ra-Khee-Nok, is an
M. charantia variety, known to have the smallest fruit
of all bitter melons. This variety is cultivated in Thai-
land®. It has been used as a vegetable in Thai traditional
medicine as a bitter tonic, antipyretic, anthelmintic,
laxative, and antidiabetic®. Furthermore, fruit powder
in various dosage forms, including capsules, tablets,
and infusions, are included in the national drug lists of
Thailand for antipyretics and bitter tonics®. Thai bitter
melon has also been used as a food supplement to lower
blood sugar levels (to treat hyperglycaemia) in diabetic
patients. Several studies have suggested that hypogly-
caemic activity is caused by an increase in insulin
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Bitter melon proteins have been found in
many parts of the plant, especially fruits and seeds.
These proteins have been reported to act as N-glyco-
sidases, which were identified as RIPs®3¢, Thai bitter
melon protein (MRK29) with a molecular weight of 28.6
kDa was reported to have anti-HIV reverse transcriptase
activity, which exhibited a significant reduction in viral
core protein p24 expression in HIV-infected cells?.
MRK?29 has several amino acid residues different from
MAP30 and has been suggested as a new type | RIPs?4,
Thus, MAP30 and MRK29 are good candidates for the
further development of new drugs to treat HIV. How-
ever, it is costly and difficult to purify a large amount
of MRK29 from plants. Therefore, the production of
recombinant MRK29 in a suitable host is required to
solve this problem. In this regard, information on the
MRK29 coding sequence is required. However, only 20
amino acid sequences from the N-terminal have been
identified?*. Likewise, there are no reports on MAP30
sequence information in Thai bitter melon.

In this study, to gain new insight into MAP30
and MRK29 from Thai bitter melon, we successfully
cloned the full-length MAP30 candidates using dege-
nerate and gene-specific primers. The active site and
protein folding of the obtained sequences were further
investigated by molecular modelling. Our results con-
firmed the occurrence of MAP30 and suggested the
existence of MRK29 in Thai bitter melon.

2. MATERIALS AND METHODS
2.1. Plant materials

M. charantia seeds were purchased from a
commercial distributor (Chiatai, Bangkok, Thailand)
and grown on vermiculite for 21-28 days before being
transferred to soil. The plants were maintained at
25+2°C with a 16 h photoperiod (light intensity at 3000
IX) before harvesting the stems and leaves. Fresh M.
charantia fruits were obtained from a local market in
Bangkok, Thailand. Both plant specimens were iden-
tified and compared the morphology with voucher
specimen (BKF. No. 100085, SN. 108121) from Prof. Dr.
Weena Jiratchariyakul. The herbariums were kept at the
Faculty of Pharmacy, Mahidol University, Thailand.

2.2. DNA and RNA extraction

Genomic DNA (gDNA) were prepared from
the stems and leaves of M. charantia by soaking
samples in liquid nitrogen and grinding them into a fine
powder using a mortar and pestle. The samples were
then subjected to extraction using a DNA extraction Kit
(RBC Bioscience, Taiwan) according to the manufac-
turer’s protocol. Total RNA was extracted from fruit
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samples of M. charantia. The grinding processes were
the same as those for gDNA extraction, but the RNeasy
Plant Mini Kit (Qiagen, Germany) was used for extrac-
tion. Excess DNase treatment of the total RNA solution
was performed to avoid DNA contamination. The quality
of gDNA and RNA was checked by electrophoresis using
1-1.2% gel at 100 V, and the gel was further stained with
Visafe Green (Vivantis, Malaysia). The stained gel was
scanned using the G:BOX system with the GeneSys
software (SynGene, USA). The concentrations of gDNA
and RNA were determined using a SmartSpecTM Plus

Table 1. List of primers in this study.
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spectrophotometer (Bio-Rad, USA). The obtained gDNA
and RNA were stored at -20°C before use.

Each total RNA sample was converted into
cDNA using the RevertAid RT Reverse Transcription
Kit (Thermo Scientific™, USA). First-strand cDNA was
synthesised using Oligo(dT)17-adaptor primer (OTA),
and second-strand cDNA was synthesised using the
adaptor_R primer (AR). The quality of cDNA was
checked using g-tubulin primers (5Tub_F and fTub_R)
(Table 1).

Primer Sequence (5'>3") Ref.
F1 GCGATGGTGGTATGCTTACTACT S79450.1

F4 TACGTAATCTTCATTGGTGTTCCTGCTGCCAA DQ643967.1

F4* TATCGTAATCTTCATTGGTGTTCCTGCTGCCAA DQ643967.1

R1 GGAATCTGTTGTGAATTGAGCGG S79450.1

DF GAYGTNAAYTTYMGNYTNWSN XP_022156707.1, P24817.2, ABG37691.1
BTub_F CAGGGAGGAATACCCAGACA -

STub_R GGCAGTGAATTGCTCACTCA

OTA TTTTTTTTTTTTTTTTTTTGATCTAGAGGTACCGGATCC

AR TGATCTAGAGGTACCGGATCC -

pJET_F CGACTCACTATAGGGAGAGCGGC pJET1.2/blunt

pJET_R AAGAACATCGATTTTCCATGGCAG pJET1.2/blunt

2.3. Amplification of RIPs

Specific primers were designed using full-
length MAP30-13 (GenBank no. S79450.1), and MAP30-
2 (GenBank no. DQ643967.1) from Chinese bitter melon
(Table 1). The degenerate primer (DF) was designed
based on the consensus of conserved 20 amino acid
fragments in the N-terminal between RIP | conserved®’
and RIPs from M. charantia, including MRK29* and a-
MMC® (accession no. XP_022156707.1), beta-momor-
charin® (8-MMC; accession no. P24817.2), and MAP30-
3 (GenBank accession no. ABG37691.1).

The gDNA and cDNA were used as templates
in a polymerase chain reaction (PCR) with KOD high-
fidelity DNA polymerase (TOYOBO, Japan). DNase/
RNase-free distilled water was purchased from Invitrogen.
PCR was performed with an initial pre-denaturation at
94°C for 2 min, followed by 25-30 cycles each at 95°C
for 10 s, 55-60°C for 30 s, and 68°C for 30 s; and a final
extension at 68°C for 5 min. The PCR products were
cleaned using a GeneJET PCR purification kit (Thermo
Scientific™, USA) and stored at -20°C before use. The
PCR products from the gDNA template were sequenced
directly, while PCR products from cDNA were cloned
before sequencing.

2.4. RIP cloning

The pJET1.2/blunt vector (Thermo Scientific™,
USA) was used as the cloning vector. The purified PCR

products were ligated with a cloning vector in a 3:1
ratio by T4 DNA ligase (Vivantis, Malaysia) at 4°C and
incubated overnight. Competent E. coli (DH5a) was
transformed by a heat-shock transformation in an
Accublock dry bath (Labnet, USA) at 42°C for 45 s before
immediately cooling on ice. Then, they were spread on
LB agar (100 mg/mL ampicillin) and incubated at 37°C
overnight.

The transformed colonies were cultured over-
night in LB medium (100 mg/mL ampicillin) at 37°Cand
200 rpm in a shaking incubator. The cell pellets were
collected by centrifugation at 4000 rpm for 10 min at
4°C. Then, the inserted vector was extracted using the
GeneJET Plasmid Miniprep Kit (Thermo Scientific™,
USA). The concentration of the purified plasmid was
measured using a NANO DOT Microspectrophotometer
(Hercuvan, USA).

2.5. DNA sequencing

The pJET_F and pJET_R primers were used
with the pJET1.2 vector. The concentration of all sam-
ples was more than 50 ng/puL for the standard sequen-
cing procedure outlined by Macrogen sequencing
services (Macrogen Int., Seoul, South Korea).
2.6. Sequence and phylogenetic analysis

The obtained nucleotide and deduced amino
acid sequences were searched in the NCBI database
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using BLASTN and BLASTP, respectively. The hit
sequence with the highest score was selected as the
reference sequence. Moreover, the amino acid sequences
of plant RIPs were selected for further analysis. The
nucleotide sequences were aligned using ClustalW from
the biological sequence alignment editor (BioEdit)®.
Multiple alignments were performed using molecular
evolutionary genetics analysis version 10 (MEGA-X)%.
Then, a phylogenetic tree was created using the neigh-
bour-joining method with 1000 bootstrap replicates.

2.7. Molecular modelling

The predicted three-dimensional molecular
structures of MAP30 and MRK29 candidates were
predicted by SWISS-MODEL* using MAP30-3% as the
template. The obtained 3D structure of the sample was
visualised using PyMOL (www.pymol.org).

3. RESULTS AND DISCUSSION

3.1. Amplification of MAP30 and MRK?29
candidates

The MAP30 candidates were obtained from
the gene-specific primer pairs F1-R1 and F4-R1. The
band of the expected size of approximately 900-1000 bp
of PCR products was obtained from both gDNA and
cDNA templates (Figure 1). Thus, the PCR products
from F1-R1 pairs were cleaned for further DNA
sequencing, while the PCR products from F4-R1 pairs
were cloned into a cloning vector. Unfortunately, no
expected band of MRK29 candidate was obtained from
DF-AR primer pairs. This result may be explained by
the fact that the information from the MRK29 fragment
is not sufficient to design the degenerate primer. The
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previous study of MRK29?* used conventional protein
extraction, purification, and sequencing methods. In
addition, MAP30 from Chinese bitter melon was cloned
by using degenerate primers from two conserved regions
which were identified by conventional methods*2. Thus,
Omics technologies, including genomics, transcrip-
tomics, and proteomics may be needed to obtain more
information on the MRK?29 sequence.

3.2. Cloning of MAP30 candidates

The cloning of PCR products from F4-R1
primers was unsuccessful due to the lack of growth of
positive colonies in liquid media for further plasmid
extraction. This phenomenon may occur because of the
basal expression of the toxic target gene even in the
absence of IPTG, which is an expression inducer. The
RIP protein family has been reported to possess
antibacterial activity due to its ability to depurinate
prokaryotic ribosomes. For instance, dianthin30 and
phytolacca antiviral protein are type | RIPs which can
cleave the ribose from A-2660 of 23s rRNA of E. coli**
441t has been reported that type I RIPs from Mirabilis
expansa, expressed in E. coli, inhibit bacterial growth*
4547 Thus, we modified the specific primer (F4*) by
adding nucleotides to avoid protein expression in the
cloning vector. The plasmids of 16 clones (10 clones
from gDNA and 6 clones from cDNA) were subjected
to DNA sequencing.

3.3. Sequence analysis

The full-length candidate MAP30 from direct
sequencing of PCR products using gDNA of M.
charantia as a template, namely McRIP001, contains a
single putative open reading frame of 861 bp and does

(A) (B)

DNA Mass
(ng/Sul) Base Pairs

1.5% TAE Agarose gel

©
GENESTA™ 100 bp
DNA Ladder

5 ul/lane, EB staining
1.5% TAE Agarosc gel

Figure 1. PCR products from DNA of Thai bitter melon. (A) Thai bitter melon fruit; (B) gel electrophoresis of PCR products from gDNA with
F1-R1 pairs. Lane 1: 100 bp ladder (GeneDireX, Taiwan). Lanes 2 and 3: PCR products; (C) gel electrophoresis of PCR products from cDNA
with F4-R1 pairs. Lane 1: 100 bp ladder (GENESTA™). Lane 2: cDNA from exocarp. Lane 3: cDNA from mesocarp.

62



Pharmaceutical Sciences Asia

MAP30-1
MAP30-2
McRIP0O1
McRIP002
McRIP003
McRIP004

MAP30-1
MAP30-2
McRIP001
McRIP002
McRIP003
McRIP004

MAP30-1
MAP30-2
McRIP0O1
McRIP002
McRIP003
McRIP004

MAP30-1
MAP30-2
McRIP001
McRIP002
McRIP003
McRIP004

MAP30-1
MAP30-2
McRIP001
McRIP002
McRIP003
McRIP004

MAP30-1
MAP30-2
McRIP0O1
McRIP002
McRIP003
McRIP004

MAP30-1
MAP30-2
McRIP001
McRIP002
McRIP003
McRIP004

MAP30-1
MAP30-2
McRIPOO1
McRIP002
McRIP003
McRIP004

MAP30-1
MAP30-2
McRIP001
McRIP002
McRIP003
McRIP004

MAP30-1
MAP30-2
McRIP001
McRIP002
McRIP003
McRIP004

MAP30-1
MAP30-2
McRIP001
McRIP002
McRIP003
McRIP004

Fl

[cccereccGan ARTGGTGAAA

—————————— -ATGGTGGTA
—————————— -ATGGAGGTA

TGCE>ACTAC
TGCTTACTAC

AGCTTACTAC

TTTCTTTTTT
TPTCTTTTTT,
TTTCTTTTTT

F4

AAqTATCGCC

ATCTTCATTG GTGTTCCTAC

AATTATCGCC
AATTATCGCC

ATCTTCATTG GTGTTCCTAC
ATCTTCATTG GTGTTCCTAC

TGcci§§§sc
TGCCAAKGGC

TGCCAAAGGC

GATGTTAACT
GATGTTAACT
GATGTTAACT
GATGTTAACT
GATGTTAACT
GATGTTAACT

TCGATTTGTC
TCGATTTGTC
TCGATTTGTC
TCGATTTGTC
TCGATTTGTC
TCGATTTGTC

TAGCCATAAA
TAGCCATAAA
TAGCCATAAA
TAGCCATAAA
TAGCCATAAA
TAGCCATAAA

GTGTATGATA
GTGTATGATA
GTGTATGATA
GTGTATGATA
GTGTATGATA
GTGTATGATA

GTTATGCATA
GTTATGCATA
GTTATGCATA
GTTATGCATA
GTTATGCATA
GTTATGCATA

TGAAACCATC
TGAAACCATC
TGAAACCATC
TGAAACCATC
TGAAACCATC
TGAAACCATC

TACTTTTTTA
TACTTTTTTA
TACTTTTTTA
TACTTTTTTA
TACTTTTTTA
TACTTTTTTA

AAGAATCTCC
AAGAATCTCC
AAGAATCTCC
AAGAATCTCC
AAGAATCTCC
AAGAATCTCC

TAATTATGAA AATCTCCAAA
TAATTATGAA AATCTTCAAA
TAATTATGAA AATCTTCAAA
TAATTATGAA AATCTTCAAA
TAATTATGAA AATCTTCAAA
TAATTATGAA AATCTTCAAA

TTACCACATT
TTACCACATT
TTACCACATT
TTACCACATT
TTACCACATT
TTACCACATT

GTTTTATTAC
GTTTTATTAC
GTTTTATTAC
GTTTTATTAC
GTTTTATTAC
GTTTTATTAC

AGATTTAAGT
AGATTTAAGT
AGATTTAAGT
AGATTTAAGT
AGATTTAAGT
AGATTTAAGT

ATACTGAGCG
ATATCGAGCG
ATATCGAGCG
ATATCGAGCG
ATATCGAGCG
ATATCGAGCG

AAATCAATGG
AAATCAATGG
AAATCAATGG
AAATCAATGG
AAATCAATGG
AAATCAATGG

LCTGETCTCT,
TCTGCTCTCT
TCTGCTCTCT
TCTGCTCTCT
TCTGCTCTCT
TCTGCTCTCT

TAAAACCTAC
TAAAACCTAC
TAAAACCTAC
TAAAACCTAC
TAAAACCTAC
TAAAACCTAC

CGGGGAACGG
CGGGGAACGG
CGGGGAACGG
CGGGGAACGG
CGGGGAACGG
CGGGGAACGG

TCCAGAGCTA
TCCAGAGCTA
TCCAGAGCTA
TCCAGAGCTA
TCCAGAGCTA
TCCAGAGCTA

GCACTGCTGA
GCACTGCTGA
GCACTGCTGA
GCACTGCTGA
GCACTGCTGA
GCACTGCTGA

GACTGCCACT
GACTGCCACT
GACTGCCACT
GACTGCCACT
GACTGCCACT
GACTGCCACT

TACCTCTGCT
TACCTCTACT
TACCTCTACT
TACCTCTACT
TACCTCTACT
TACCTCTACT

TCGGTGGCCA
TCGGTGGCCA
TCGGTGGCCA
TCGGTGGCCA
TCGGTGGCCA
TCGGTGGCCA

TCCTGAAGCT
TCCTGAAGCT
TCCTGAAGCT
TCCTGAAGCT
TCCTGAAGCT
TCCTGAAGCT

CTGCTGCACA
CTGCTGCACA
CTGCTGCACA
CTGCTGCACA
CTGCTGCACA
CTGCTGCACA

AATGCCCAAT
AATGCCCAAT
AATGCCCAAT
AATGCCCAAT
AATGCCCAAT
AATGCCCAAT

ACACGTTGCT
ACACGTTGCT
ACACGTTGCT
ACACGTTGCT
ACACGTTGCT
ACACGTTGCT

CCAAACAAAT
CCAAACAAAT
CCAAACAAAT
CCAAACAAAT
CCAAACAAAT
CCAAACAAAT

TTTCAAGTAA
TTTCAAGTAA
TTTCAAGTAA
TTTCAAGTAA
TTTCAAGTAA
TTTCAAGTAA

TGAAAACTTT
TGAAAACTTT
TGAAAACTTT
TGAAAACTTT
TGAAAACTTT
TGAAAACTTT

GTATTCCACT
GTATTCCACT
GTATTCCACT
GTATTCCACT
GTATTCCACT
GTATTCCACT

TAGATGTGAC
TAGATGTGAC
TAGATGTGAC
TAGATGTGAC
TAGATGTGAC
TAGATGTGAC

TATAACATCC
TATAACATCC
TATAACATCC
TATAACATCC
TATAACATCC
TATAACATCC

CAAAATAAGA
CAAAATAAGA
CAAAATAAGA
CAAAATAAGA
CAAAATAAGA
CAAAATAAGA

CTGCTCCTIC
CTGCTCCTTC
CTGCTCCTTC
CTGCTCCTTC
CTGCTCCTTC
CTGCTCCTTC

AAGTATGTTG
AAGTATGTTG
AAGTATGTTG
AAGTATGTTG
AAGTATGTTG
AAGTATGTTG

CTTTTTGGCG
ATTTTTGGCG
ATTTTTGGCG
ATTTTTGGCG
ATTTTTGGCG
ATTTTTGGCG

CCAATGTTGA
CCAATGTTGA
CCAATGTTGA
CCAATGTTGA
CCAATGTTGA
CCAATGTTGA

ATCACAACCA
ATCACAACCA
ATCACAACCA
ATCACAACCA
ATCACAACCA
ATCACAACCA

ACACAAAATT
ACACAAAATT
ACACAAAATT
ACACAAAATT
ACACAAAATT
ACACAAAATT

ATTTCCGACT
ATTTCCGACT
ATTTCCGACT
ATTTCCGACT
ATTTCCGACT
ATTTCCGACT

GAACGTTTAT
GAACGTTTAT
GAACGTTTAT
GAACGTTTAT
GAACGTTTAT
GAACGTTTAT

TATTCAAAGG
TATTCAAAGG
TATTCAAAGG
TATTCAAAGG
TATTCAAAGG
TATTCAAAGG

GAGAATATTG
GAGAATATTG
GAGAATATTG
GAGAATATTG
GAGAATATTG
GAGAATATTG

TGCATTGCTT
TGCATTGCTT
TGCATTGCTT
TGCATTGCTT
TGCATTGCTT
TGCATTGCTT

CCACTAACTT
CCACTAACTT
CCACTAACTT
CCACTAACTT
CCACTAACTT
CCACTAACTT

CAGAATCAAG
CAGAATCAAG
CAGAATCAAG
CAGAATCAAG
CAGAATCAAG
CAGAATCAAG

TTCAGATGTT
TTCAGATGTT
TTCAGATGTT
TTCAGATGTT
TTCAGATGTT
TTCAGATGTT

TGACTCTACT
TGACTCTACT
TGACTCTACT
TGACTCTACT
TGACTCTACT
TGACTCTACT

TATCGAAGAT TTCAGGGCGA

TATCGAAGAT TTCAGGGCGA

TATCGAAGAT TTCAGGGCGA

TATCGAAGAT TTCAGGGCGA

TATCGAAGAT TTCAGGGCGA

TATCGAAGAT TTCAGGGCGA
v

CCAGACG[TTT CATACTCCTC
CCAGAQG[TTT CATACTCCTC
CCAGACG[ITT CATACTCCTC

d
G|
G|
CCAGAQGTTT CATACTCCTC
G|
|

CCAGACQGTTT CATACTCCTC
CCAGACAITT CATACTCCTC

GTTGTGGCCT ATCGCACCCG
GTTGTGGCCT ATCGCACCCG
GTTGTGGCCT ATCGCACCCG
GTTGTGGCCT ATCGCACCCG
GTTGTGGCCT ATCGCACCCG
GTTGTGGCCT ATCGCACCCG

TACGCGGAAA ATTACACTGC
TACGCGGAAA ATTACACTGC
TACGCGGAAA ATTACACTGC
TACGCGGAAA ATTACACTGC
TACGCGGAAA ATTACACTGC
TACGCGGAAA ATTACACTGC
%4
ATCTTGGACT CCCTGCQT
ATCTTGGACT CCCTGCQT
ATCTTGGACT CCCTGCQT
ATCTTGGACT CCCTGCQC
ATCTTGGACT CCCTGCQT
ATCTTGGACT CCCTGCQT

GTACTAATCC AGACGACTGC
GTACTAATCC AGACGACTGC
GTACTAATCC AGACGACTGC
GTACTAATCC AGACGACTGC
GTACTAATCC AGACGACTGC
GTACTAATCC AGACGACTGC

TAAGCCAARAT CTAGCCATCA
TAAGCCAAAT CTAGCCATCA
TAAGCCAAAT CTAGCCATCA
TAAGCCAAAT CTAGCCATCA
TAAGCCARAT CTAGCCATCA
TAAGCCAARAT CTAGCCATCA

GAGGAAAATT TAGAAATCCT
GAGGAAAATT TAGAAATCCT
GAGGAAAATT TAGAAATCCT
GAGGAAAATT TAGAAATCCT
GAGGAAAATT TAGAAATCCT
GAGGAAAATT TAGAAATCCT

GTAAAAGGTA ATATCAAACT
GTAAAAGGTA ATATCAAACT
GTAAAAGGTA ATATCAAACT
GTAAAAGGTA ATATCAAACT
GTAAAAGGTA ATATCAAACT
GTAAAAGGTA ATATCAAACT

CTCTTCCATT
CTCTTCCATT
CTCTTCCATT
CTCTTCCATT
CTCTTCCATT
CTCTTCCATT

AATCTCACAA
AATCTCACAA
AATCTCACAA
AATCTCACAA
AATCTCACAA
AATCTCACAA

CGATGTATCC
CGATGTATCC
CGATGTATCC
CGATGTATCC
CGATGTATCC
CGATGTATCC

CATATACCGG
CATATACCGG
CATATACCGG
CATATACCGG
CATATACCGG
CATATACCGG

AGTAGTGCCA
AGTAGTGCCA
AGTAGTGCCA
AGTAGTGCCA
AGTAGTGCCA
AGTAGTGCCA

AGAAGCTGCA
AGAAGCTGCA
AGAAGCTGCA
AGAAGCTGCA
AGAAGCTGCA
AGAAGCTGCA

TAAGCCTGGA
TAAGCTTGGA
TAAGCTTGGA
TAAGCTTGGA
TAAGCTTGGA
TAAGCTTGGA

GTCGACCTTA
GTCGACCTTA
GTCGACCTTA
GTCGACCTTA
GTCGACCTTA
GTCGACCTTA

CCTGCTGAAC
CCTGCTGAAC
CCTGCTGAAC
CCTGCTGAAC
CCTGCTGAAC
CCTGCTGAAC

R1
TGGGGAATCT GTTGTGAATH GARAGTTTAA
TGGGBAATCT GTTGTGAAT[ BA--------

TGGGGAATCT GTTGTGAATH
TGGGGAATCT GTTGTGAAT
TGGGGAATCT GTTGTGAAT[
TGGGGRATCT GTTGTGAAT[

160
160
160
160
160
160

240
240
240
240
240
240

320
320
320
320
320
320

400
400
400
400
400
400

480
480
480
480
480
480

560
560
560
560
560
560

640
640
640
640
640
640

720
720
720
720
720
720

800
800
800
800
800
800

Figure 2. Multiple alignment analysis of MAP30-1, MAP30-2, McRIP001 (Genbank no. MZ399721), McRIP002 (Genbank no. MZ399722),
MCcRIPO3 (Genbank no. MZ399723), and McRIP004 (Genbank no. MZ399724). The yellow box shows a leading sequence. The arrow shows

the primer region, and the black triangle shows a mutation point. Green and red colouring represent the start and stop codons, respectively.
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Figure 3. Multiple alignment analysis of amino acid sequences between MRK29, MAP30-3, McRIP001, McRIP003, McRIP004, f-MMC, a-
MMC, TCS, cucurmosinl, cucurmosin2, gelonin, curcin, dianthin30, saporin, and RIP2 Maize. All accession numbers of amino acid sequences
are shown in the Figure 4 legend. The grey and green boxes represent a leading sequence and conserved RIP |, respectively. The pink colouring
indicates the mutation point, yellow colouring indicates the active site for RNA N-glycosidase, purple colouring shows N-linked glycosylation
of MAP30, and orange colouring shows LRP1 binding receptor site of MAP30.

not contain any introns. This result is consistent with
previously published data for MAP30%. MCRIP0O01 has
double substitutions compared with MAP30-2; both are
T/A (transversion) at a different site in the leading
sequence (Figure 2).

Sequence analysis of 11 clones from the gDNA
PCR products showed that eight clones exhibited an
identity of 100% with MAP30-2. Two clones (hereafter

referred to as McRIP002) had a single substitution (T/C;
transition) at the same base position, and one clone,
MCcRIP003, had a single substitution (G/A; transition) in
the mature sequence. In addition, one (McRIP004) of six
clones from the cDNA PCR products exhibited a single
substitution (G/A; transition) in the mature sequence. As
a result, 13 of the 17 obtained nucleotide sequences were
identical to MAP30, whereas others had substitutions in
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different regions and different bases in the mature
sequence.

MCcRIPO01 encodes 263 deduced amino acid
sequences and is highly homologous to MAP30-3 and -
MMC (XM _022302016.1) from bitter melon, with sequence
identities of 97% and 97%, respectively. McRIP001
consists of the leading and mature sequences of 23 and
240 amino acids, respectively. The substitutions in the
MCcRIP001 leader sequence resulted in an amino acid
change from valine (V) to glutamic acid (E) and cysteine
(C) to serine (S) at amino acid positions 2 (V2E) and 4
(C4S), respectively. These mutations may not alter the
activity because they are not located in the mature
sequence as an active form of MAP30.

Interestingly, McRIP003 and McRIP004 have
amino acid variants in their mature sequences. McRIP003
has a mutated residue (A34T) in the conserved region
which changes alanine (A) to threonine (T), whereas
other plant type-lI RIPs have proline (P), alanine, or
serine at this position (Figure 3). Proline and alanine are
non-polar or hydrophobic amino acids, whereas serine
and threonine are polar and uncharged amino acids,
respectively. Moreover, McRIP004 has a mutated
residue (R69H) that changes from arginine (R) to histi-
dine (H). Likewise, other RIPs have a variant in this
amino residue, including trichosanthin (TCS)*, -MMC,
dianthin30°, and saporin® (Figure 3). These sequence
variations were positively charged side chain groups.
In addition, McRIP002 has silent mutations that do not
change amino acid residues. Sequence alignment of
plant type | RIPs revealed the active sites of RNA N-
glycosidase activity, which are highly conserved among
RIPs (Figure 3), including Y93, Y132, E191, R194, and
W213 (MAP30-3 numbering) compared to type Il RIP
from Zea mays (accession no. NP001306663.1)1%2,

Amino acid alignments of MRK29 with
MCcRIP003, McRIP004, MAP30-3, a-MMC, and f-MMC
revealed conserved regions among RIPs (Figure 3). Inte-
restingly, MRK29 showed higher similarity to a-MMC
with an identity of 85%, meanwhile lower similarity to
other RIPs with an identity of 50%-67%. Moreover,
MRK29 and a-MMC have similar bioactivities, such as
antiviral activity (HIV1)%3, Thus, it could be hypothe-
sised that MRK29 is a variant of a-MMC but not
MAP30. It has also been suggested that f-MMC is a
MAP30 variant owing to its 99% amino acid identity®>*.

3.4. Phylogenetic tree

A phylogenetic tree of deduced amino acid
sequences was constructed using the neighbour-joining
method for plant RIPs®, including McRIP003, McRIP004,
a-MMC, -MMC, MAP30-3, cucurmosinl, cucurmosin2,
TCS, dianthin30, gelonin, and curcin, as shown in
Figure 4. Type Il RIP from Zea mays was used as the
out-group®. As expected, McRIP003, McRIP004, j-
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MMC, and MAP30-3 were grouped in the same branch,
where MAP30 and S-MMC were closely related (Figure
4). Moreover, other proteins from the same Cucurbi-
taceae family, including a-MMC, TCS, cucurmosinl,
and cucurmosin2, were grouped in the same clade. This
result revealed close similarity between plant RIPs.

3.5. Homology modelling

The 3D structures of McRIP003 and McRIP004
were predicted by SWISS-MODEL using MAP30-3,
with 99.62% amino acid identity as a template. Overall,
the predicted protein structures of MCcRIP003 and
MCcRIP004 were similar to those of the template. The
structures consist of a-helices, S-sheets, anti-parallel
components, and loop components, as demonstrated in
a previous study®® (Figure 5). Conserved amino acid
residues responsible for RNA-N-glycosidase and anti-
viral integrase activities, including Y93, Y123, E191,
R194, and W213, were located in the cleft between the
N-terminal and C-terminal domains (Figure 5). In addi-
tion, essential conserved regions for MAP30 activity,
including the N-linked glycosylation site (NLT) and
low-density lipoprotein receptor-related protein 1
(LRP1), were superimposed well on the MAP30-3
crystal structure!®® (Figure 5). However, the mutated
residues of candidates (A34T and R69H) were not
located in these regions; thus, they might not interrupt
MAP30 activity.

4. CONCLUSIONS

This study obtained full-length and partial
sequences of putative MAP30 from Thai bitter melon.
Nucleotide sequence analysis showed that most ob-
tained sequences Yyielded a 100% identity with MAP30,
and three variants were found. One variant had a silent
mutation. Homology modelling revealed that the muta-
tion points do not involve RNA N-glycosidase active
sites and may not interrupt MAP30 activity. The MAP30
sequence variants specific to Thai bitter melon can be
used to design a specific primer to distinguish between
Thai and Chinese bitter melon from the herbal products
in the market. Moreover, MRK29 might be an a-MMC
variant because it has a similar sequence, molecular
weight, and bioactivity. To confirm this hypothesis,
further studies including molecular cloning and expres-
sion system are required to determine the full-length
sequence and bioactivity of MRK29. Thus, the present
study provides insight into the genetic information of
MAP30 in Thai bitter melon and supports research and
development using this plant in the future.
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Figure 5. Schematic overlay diagram of the tertiary structure of MAP30-3 (PDB: 1d8V.1.A), McRIP003, and McRIP004. The overlay
structure showed the active site of RNA N-glycosidase (yellow), N-linked glycosylation site (purple), LRP1-receptor binding site (orange),
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