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Message from the Incumbent PSBMB President

The Philippine Society for Biochemistry and Molecular Biology (PSBMB) pursues the promotion
of scientific fields covered by the society through conferences and seminars. It is therefore with joy
and pride that the Philippine Journal of Biochemistry and Molecular Biology (PJBMB), which
features biochemistry and molecular biology research in the Philippines, is launched at this time
when the value of sound research cannot be overemphasized.

The PJBMB s formerly the Bulletin of the Philippine Biochemical Society, initiated by the pillars of
Philippine biochemistry and molecular biology. The current PSBMB Board of Directors hope that
the PJBMB will be another venue for the research outputs of its members and those in the field of
biochemistry and molecular biology in the academe, industry and research institutions. The
PJBMB will also serve as a rich source of new knowledge and inspiration for future research.

For greater reach, PUBMB is published biannually as an open access journal. It will feature original
research articles and research communications in biochemistry, molecular biology and/or other
related disciplines, biochemical education articles, biochemical literature reviews, special interest
articles with biochemical applications, how-to articles on useful activities relating to biochemistry,
letters and book reviews.

We enjoin the Philippine biochemistry and molecular biology community to support the journal
through submission of your latest research output. Through the efforts of the current Editor-in-Chief
and the Editorial Board, may PJBMB thrive and succeed for the benefit of the nation.

Leslie Michelle M. Dalmacio, PhD.
PSBMB President (2020-2021)

i PJBMB Vol 1 (1&2)



Editorial:

On the Maiden Issue, Toxins, Pandemic and the Challenges Ahead!

The last two years has been a blend of mix experiences. In 2018, when we launch the Philippine Journal of Biochemistry and
Molecular Biology (PJBMB) at the PSBMB National Convention in lloilo City; there were lots of things we do not know like what will
happen in the coming years. What was clear then in our mind was to usher the maiden issue of PJBMB as an online publication
to cater to the needs of the growing number of PSBMB members. We hold the idea of reviving and continuing the tradition started
under the Philippine Biochemical Society (i.e., the former and predecessor of the present PSBMB) of producing and maintaining
a Society Research Journal, the Bulletin of the Philippine Biochemical Society.

The idea of producing the maiden issue has been a challenge from the time that the articles are solicited, to the time the articles
are reviewed and later on layed-out into the Journal we want it to be. Thus, the maiden issue has not come without its own share
of angst and birthing pains, but as the saying goes, when its time to be debuted into the world comes, nothing can take away that
feeling of joy, fulfillment, and success. As Editor-In-Chief, | am sharing this feeling to all the members of the PSBMB.

Seven articles are featured in this maiden issue covering various topics from the molecular biology of fishes, gastropods and plants
to the biochemistry and diagnostics of cancer and immune markers and natural products in silico studies and enzyme inhibition.
Indeed, the topics have a wide array of coverage and reflects on the diversity of local researches on the aspects of biochemistry
and molecular biology.

The choice of Turris babylonia as a feature cover of this maiden issue stems from the long tradition of peptide toxin research that
spans from the pioneer founding members of the Society like the National Scientist Dr. Lourdes Cruz and the Harvard Distinguished
Professor Dr. Baldomero Olivera who started the conotoxin research in the Department of Biochemistry and Molecular Biology,
UP College of Medicine, continuing in Marine Science Institute in UP Diliman with Dr. Gisela Conception and moving to the
University of Utah and globally maturing into a full-blown field of study in gastropod toxinology, becoming a springboard for several
new generations of PhDs in the field of biochemistry and molecular biology.

In 2019 and 2020, we saw a big contrast in research activities both locally and globally, among different institutions including the
PSBMB. The CoVID19 pandemic has literally reduced research activities in various aspects and have mostly focused on health
pertinent to the SARS-CoV2. The nature of the researches have also transformed to largely in silico and clinical, while some with
daring laboratories are able to pursue their research agenda with limited funding in various academic institutions which were all
beset with lockdowns, social distancing and other restriction to contain the deadly viral spread. Of course, this impacted on the kind
of researches that ended up in publications. Indeed, the pandemic has shaped and impacted on the lives of everyone and has
continued to change the way things operate like our classes that were mostly online, without face-to-face contact, minimal
University-based laboratories opened, and Society Conferences being migrated to virtual formats.

A lot of challenges lie ahead for everyone to maintain and continue to propagate our kind of science. The question and issue of
the vaccines and the different types available commercially presented a scenario for various stakeholders to look back and engage
in an active discussion to thresh-out the safety issues, the urgency and pertinence to the wider population. Among the scientist and
researchers, the discussion may proceed further into the biochemistry and molecular biology principles concerning vaccine
development, the relevance of the platform used and the emergence of mutant strains and as to how they impact on vaccine efficacy.
While the pandemic remains and continues to ravage the population, and without a protective guarantee from the vaccine in eliciting
herd immunity, the challenge remains and this defines the new normal where our kind of science will exist, remain, and move
forward.

! (‘ (‘ L r;

Francisco M. Heralde Ill, RN. PhD.
Editor-In-Chief
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Abstract: The Philippines, a known biodiversity hotspot, faces the threat of higher extinction rates due to disruptive
human activities that include illegal wildlife trade. Among those species affected by these activities is the endemic Philippine
Sailfin Lizard (Hydrosaurus pustulatus), which is currently listed as ‘Vulnerable’ by the International Conservation of Natural
Resources (IUCN). Properidentification of illegally traded samples could be addressed using DNA barcoding that uses small
segments of DNA in confirming species identity. Cox7 gene has been used in DNA barcoding H. pustulatus. However, the
16S rRNA gene region, which is also commonly used as a marker for reptiles, is lacking in the species. Here, we
demonstrated the use of DNA barcodes, specifically cytochrome oxidase subunit | (cox1) genes, in the confirmation of
identity of illegally traded H. pustulatus and its possible geographic origin. We also provided novel 16S gene sequences
together with cox? gene to infer its placement within the Agamidae. BLAST results show that the generated cox 7 barcodes
matched with H. pustulatus (100%) found in GenBank. Furthermore, haplotype network analysis revealed that the
confiscated samples were similar to the H. pustulatus haplotype found in Polillo Island. Phylogenetic analysis using
concatenated 16S rRNA and cox7 genes showed that H. pustulatus clustered with a congeneric, H. amboinensis (ML
Bootstrap=100; NJ Bootstrap=100). In this study, we demonstrated that DNA barcodes could aid not only in the proper
identification of the species but also their possible geographic origin. This could be useful in providing data on hotspot areas
of wildlife trafficking. In addition, the use of the 16S gene can potentially be used together with cox 7 in discriminating between
H. pustulatus and H. amboinensis.

Keywords: pna Barcoding, Wildlife Forensics, Philippine Sailfin Lizard, cox1, 16S

1. INTRODUCTION

The Philippines is considered as one of the biodiversity
hotspots in the world with its high levels of endemism
coupled with higher risk of extinction due to human
activities such as energy use and land conversion which
leads to habitat loss (Ehrlich 1994; Cincotta et al. 2000;
Myers et al. 2000). In addition, wildlife trafficking has
been a major challenge in Asia with millions of animals
being illegally exported in the region alone (Nijman
2010).

Among those species facing illegal wildlife trade is the
endemic Philippine sailfin  lizard, Hydrosaurus
pustulatus (Eschsholtz 1829), which is categorized as
‘Vulnerable’ by the International Conservation of Natural
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Resources (IUCN) (Ledesma 2009). This omnivorous
reptile is found in several islands of the Philippines
including Polillo, Mindoro, Negros, Guimaras, Panay,
Masbate, Tablas, Romblon, Sibuyan, Catandauanes,
Bicol, and other small isolated islands where its
identification is confused with its congeneric species, H.
amboinensis (Ledesma 2009; Siler et al. 2011).

H. pustulatus is a squamate reptile classified under
subfamily Hydrosaurinae, along with its congeneric H.
amboinensis, of family Agamidae (Pyron et al. 2013).
Agamidae is a monophyletic family considered as the
Old World counterpart of the New World Iguanidae and
is a sister clade to Chamaelonidae based on their 16S
and 128 mitochondrial rRNA genes (Honda et al. 2000).
However, H. pustulatus is not represented in this
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phylogenetic analysis due to lack of available molecular
data.

DNA barcoding could be utlized in the rapid
identification of known and novel species by using
combinations of nucleotides found in DNA to produce
unique barcodes that could discriminate different
species (Hebert et al. 2003; von Crautlein et al. 2011).
The use of mitochondrial genes has been demonstrated
to allow the identification of cryptic species especially
among animals (Hebertetal. 2003; Feng etal. 2011; Luo
et al. 2011). However, DNA barcoding efforts in the
Philippines has not been significantly documented, with
some taxa lacking representation in the genetic
database (Fontanilla et al. 2014). In addition, reptiles
lack efficient universal primers that target the commonly
used animal mitochondrial gene, the cytochrome
oxidase subunit | (cox7) (Vences et al. 2012). One
solution is the use of the 16S rRNA gene, which currently
serves as the suitable mitochondrial DNA marker for the
taxon (Vences etal. 2012). However, no 16S rRNA gene
has been published in the genetic database for the
identification of H. pustulatus.

In this study, we aimed to utilize the cox1 gene to confirm
the identity of confiscated H. pustulatus specimens and
determine their possible geographic origin. Using
sequences from the cox7and 16S genes, the placement
of H. pustulatus within the Agamidae is elucidated.

2. METHODOLOGY

2.1 Acquisition of Samples

Seven vials of H. pustulatus tail clippings were used as
the source of DNA. These came from samples that were
confiscated by the Department of Environment and
Natural Resources-Biodiversity Management Bureau
(DENR-BMB) Wildlife Rescue Center (WRC) from an
illegal consignment on 28 January 2016 at the Philippine
Airlines (PAL) cargo terminal. This consignment was to
be exported to Japan along with other confiscated
endangered and endemic species including tarsiers,
watersnakes, ratsnakes, and the Philippine scops owl.

2.2 DNA Extraction and Amplification

Tissue samples from the tail clippings were subjected to
DNA extraction using the GeneJET Genomic DNA
Purification Kit (Thermo Scientific) following the
manufacturer’s protocol.

Extracted DNA was subjected to PCR amplification
using VF1: 5'TTCTCAACCAACCACAAAGACATTGG-3'
(lvanova et al. 2006) and VR1:
5TAGACTTCTGGGTGGCCAAAGAATCA-3' (Ward et
al. 2005) as the forward and reverse primers,
respectively, in order to amplify the cox7 gene. PCRwas
utilized using 1.0 yL of 10x PCR buffer, 36.25 pL distilled
water, 0.25 pyL (5units/ pL) Taq polymerase, 1.5 pL
(1mM) forward and reverse primers, 2.5 yL (0.2mM)
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DMSO, 2.0 yL of (50mM) MgCl,, and 5.0 pL (3-40 ng/uL)
DNA template from the sample. The PCR thermal
regime for the cox?1 gene consisted of an initial
denaturation at 94°C for 2 mins, followed by 5 cycles of
denaturation at 94°C for 40 secs, annealing at 45°C for
40 secs, and extension at 72°C for 1 min; the annealing
temperature was then changed to 51°C and the thermal
cycling ran for another 35 cycles before the final
extension at 72°C for 5 cycles.

The 16S rRNA was amplified using 16S Ar: 5'-
CGCCTGTTTATCAAAAACAT 3' and 16S Br: 5-
CCGGTCTGAACTCAGATCACGT-3' (Palumbi 1996)
as the forward and reverse primers, respectively. The
same PCR components followed the concentrations
used in amplification of cox? except those of the DNA
template and distilled water were adjusted to 1.0 yL and
40.25 pL, respectively. The PCR regime consisted of an
initial denaturation at 96°C for 5 mins, followed by 43
cycles of denaturation at 96°C for 30 secs, annealing at
45°C for 30 secs, extension at 65°C for 1 min, and a final
extension at 72°C for 5 mins.

2.3 Agarose Gel Electrophoresis and Sequencing
A 1% Agarose gel was prepared by dissolving one gram
of agarose powder (Vivantis)in 100mL of 0.5X tris borate
EDTA(TBE) buffer. One pL of 10mg/ml ethidium
bromide (Invitrogen™) was added to the mixture for gel
visualization. The gel mixture was allowed to solidify in
a cassette and was submerged in 0.5X TBE buffer inside
the AGE setup.

Each PCR product was loaded into the wells using 2 pL
of Blue Juice as the loading dye. One pL of KAPPA
Express DNA Ladder (KAPABiosystems) was used as
the molecular weight marker. The setup was run for 30
minutes at 100 volts and was visualized under a UV
illuminator after the run. Bands indicating the presence
of the gene were cut given that they corresponded to
their expected sizes (cox7=800bp; 16S=500bp). These
bands were subjected to gel extraction and PCR clean-
up using the QIAquick® Gel Extraction Kit (QIAGEN®),
after which they were sent to 1st Base in Singapore for
Sequencing.

2.4 Molecular Identification of confiscated H.
pustulatus specimens

The consensus sequences for cox7and 16S genes were
determined from generated forward and reverse reads
using STADEN package (Staden et al. 2000). The
consensus sequences were subjected to Basic Local
Alignment Search Tool (BLAST) to identify the samples’
closest match.

2.5 Determination of geographic location

To determine the possible geographic location of the
confiscated samples, H. pustulatus cox1 sequences
were also downloaded from GenBank. These
sequences represent different clades of H. pustulatus
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haplotypes with known location based on the data
published by Siler etal. (2014). Sequences were aligned
using BioEdit v7.2.5 (Hall 2005) via the ClustalW
(Thompson et al. 2003) function. Aligned sequences
were trimmed using the program GBlocks v.0.91b
(Castresana 2002). A median joining network was
constructed using the R program packages pegas
(Paradis 2010) and ape (Paradis 2018).

2.6 Determination of the placement of H. pustulatus
within the Agamidae

Gene sequences of 16S and cox? from the whole
mitochondrial genome of representatives of family
Agamidae were downloaded in GenBank. These gene
regions were aligned with the 16S and cox? gene
sequences obtained from the confiscated H. pustulatus
samples using the program BioEdit (Hall 2005). The
aligned datasets were trimmed using the program
GBlocks (Castresana 2002) for the sequences to be
suitable for gene tree construction. Trimmed cox? and
16S gene sequences were concatenated using the
program DAMBE (Xia & Xie 2001).

The model of substitution for the concatenated dataset
for the ML tree construction was determined using
jModelTest v2.1.10 (Guindon & Gascuel 2003; Darriba
et al. 2012). Construction of maximum likelihood tree
was carried out using IQTree (Nguyen et al. 2004).
Bootstrap support of 1000 replicates were generated for
neighbor-joining (Saitou & Nei 1987) and maximum
likelihood (Felsenstein 1981) methods using PAUP 4.0
(Swofford 2002) and IQTree (Nguyen et al. 2004),
respectively.

3. RESULTS AND DISCUSSION

3.1 Molecular confirmation of confiscated H.
pustulatus specimens

All sequences generated from this study were submitted
to the Barcode of Life Data (BOLD) with the following
accessions: MN228919-MN228925 (cox1) and
MN322560-MN322566 (16S). BLAST results using the
cox1 gene region showed that the confiscated
specimens were identified as H. pustulatus with 100%
identity. Its congeneric, H. amboinensis, was only
95.41%-96.18% identical with the samples (Table 1).
Since there are currently no available 16S gene region
sequences, BLAST results of the 16S gene region from
the confiscated samples were most similar (99.1%) with
its congeneric, H. amboinensis (Table 1). Furthermore,
the haplotype network (Figure 1) based onthe cox7gene
of the confiscated H. pustulatus specimens suggest that
the samples were identical to H. pustulatus found in
Polillo Island and most similar to Aurora and suggests
the possible origin of these samples from these areas.

H. pustulatus is one of the endemic species in the
Philippines frequently targeted for illegal wildlife trade

3 PJBMB

Table 1. Basic local alignment search tool (BLAST) results for confiscated samples of
Hydrosaurus pustulatus.

Voucher  Accession Gene BLAST % Accession
Specimen Number Identified Identity Number
organism
Hydrosaurus ~ 100.0%  KTO75334
pustulatus
1A MN228925  coxd  iosaums  954%  ABATS006
amboinensis
0
MN322566 168 Hydm;auru_s 99.1%  AB475096
amboinensis
Hydrosaurus  100.0%  KTO75334
pustulatus
1B MN228923  cox?  Hydrosaurus  96.1% FJ952249
cf.
amboinensis
16S  Hydrosaurus  99.1%  AB475096
MNG22564 amboinensis
Hydrosaurus ~ 100.0%  KTO75334
pustulatus
1C MN228922  cox!  Hydrosaurus  96.0% FJ952249
cf.
amboinensis
0
MN322563 165 Hydrqsaum; 99.1%  AB475096
amboinensis
Hydrosaurus ~ 100.0%  KTO75334
pustulatus
2B MN228924  cox?  Hydrosaurus  96.0% FJ952249
cf.
amboinensis
168  Hydrosaurus  99.1%  AB475096
MN322565 amboinensis
Hydrosaurus ~ 100.0%  KTO75334
pustulatus
4A MN228921  cox!  Hydrosaurus  96.2% FJ952249
cf.
amboinensis
16S  Hydrosaurus  99.1%  AB475096
o amboinensis
Hydrosaurus ~ 100.0%  KTO75334
pustulatus
48 MN2ZBOO  cod L osaurus  955%  ABATS006
amboinensis
168  Hydrosaurus  99.1%  AB475096
MA522561 amboinensis
Hydrosaurus 100.%  KTO75334
pustulatus
4 MN8N coxT  iiseuus  958%  FJ952255
amboinensis
16S Hydrosaurus 99.1% AB475096
MN322560 amboinensis

due to their striking dorsal crests, conspicuous caudal
sail-like structure and ornate coloration (Siler et al.
2014). In fact, pet traders use different media including
online sites in advertising the sale of Philippine Sailfin
Lizards as pets. Fortunately, with the advent of DNA
barcoding effort in the Philippines, identification of
illegally traded wildlife became more effective and
efficient. For example, in the Philippines, the use of cox1
gene was proven to be useful in confirming the identity
of some frozen dressed pangolins, which were
confiscated from a Chinese fishing vessel in Tubbataha,
to be that of the critically endangered Sunda pangolin
Manis javanica (Luczon et al. 2016). This shows that the
use of DNA barcoding could be useful when
morphological identification becomes impossible due to
circumstances such as sample decomposition or
alteration.
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Figure 1. Haplotype Network of H. pustulatus haplotypes of the cox1 gene from the
confiscated samples and GenBank sequences used in the study. Location of the
GenBank sequences are based on data published by Siler et al. (2014). Each bar

represents a single nucleotide change.

3.2 Phylogenetic analysis using cox?7 and 16S rRNA
gene sequences

Concatenation ofthe 16S rRNA and cox1 genesresulted
to a 796-nucleotide long sequence alignment which was
used to infer the phylogenetic relationship in Agamidae
using the Transversional model (TVM) (Posada 2003)
with invariant sites (+1) and rate variation among sites
(+G) as determined by jModelTest as the optimal model.
The resulting ML tree supports the monophyly of
Agamidae (ML Bootstrap=100; NJ Bootstrap=100).
Furthermore, H. pustulatus clustered with H.
amboinensis, supporting the grouping of the two
congeneric species into subfamily Hydrosaurinae (ML
Bootstrap=100; NJ Bootstrap=100). This tree also
supports the clustering of subfamilies Agaminae (ML
Bootstrap=99; NJ Bootstrap=99), Amphibolurinae (ML
Bootstrap=100; NJ Bootstrap=97), Draconinae (ML
Bootstrap=100; NJ Bootstrap=100), and Leiopinae (ML
Bootstrap=100; NJ Bootstrap=100) of Agamidae (Figure
2).

Although no 16S rRNA gene region is present in the
current genetic database for H. pustulatus, we were able
to demonstrate the use of the gene, along with the cox1
gene, in elucidating the relationships within the family.
These genes could likewise distinguish H. pustulatus
and H. amboinensis as observed in a distinct divergence
between the two species (Figure 2). The inclusion of 16S
rRNA gene region could also be useful in elucidating a
wider phylogenetic study of the species with other
reptiles due to the lack of cox7 for the said group.
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4. CONCLUSION

DNA barcodes are shown to be useful in
confirming the identity of H. pustulatus as
demonstrated by the cox7 gene.
Furthermore, the gene was also able to
narrow down the likely origin of the
trafficked H. pustulatus samples based on
the cox1 barcode data from Siler et al.
(2014). In addition, we have also providing
novel 16S gene sequences for the
species, adding a gene marker for
possible identification of the species.
Nevertheless, creating a more extensive
database that includes all possible
localities where the species is located
could provide a more comprehensive
detection system of wildlife trafficking
hotspots in the Philippines provided that
there is sufficient variation to distinguish
populations from across the different
localities. Determination of the most likely
areas where illegal wildlife trafficking is
rampant could be useful from the
perspective of law enforcement.

Furthermore, inclusion of the 16S gene was able to aid
in inferring the relationship of H. pustulatus with other
agamids by complementing the cox? database for the
taxon. The concatenated dataset was also able to
demonstrate the high support for various subfamilies
within the Agamidae.
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Figure 2. Maximum likelihood tree of Agamidae based on 796 nucleotides of the concatenated cox1 and 16S rRNA genes, with
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Abstract: Toxin homologs are common across turrid species and reflect on similarities of their prey types. P-like
conotoxin is one type isolated in various turrid snails, which exhibits conserved sequences in their precursor peptides with
marked diversity and subtype variations in similar groups of turrid snails, a toxin repertoire patterning, termed as “P-coding”
system, employed by turrid snails as a toxin diversification strategy to better target their prey. This study aimed to determine
if P-like type 1 and type 3 conotoxin genes are present in Turris babylonia using gene-specific primers used in Gemmula
species. Total RNA was extracted from venom duct and then used to prepare double-stranded (ds) cDNA. The ds cDNA
was used as template for P-like type 1 and type 3 conotoxins amplification. Then, the amplicons generated were sent to
Macrogen, Inc., Seoul, South Korea for sequencing and analyzed using DNAsis. Results showed that P-like conotoxin type
1 and type 3 were amplified from T. babylonia. The gene sequences showed similar framework X scaffold. The P-like
conotoxin type 1 has 85 amino acid residues with the characteristic six-cysteine residues and a conserve region of YEDGE
similar to T. babylonia. The P-like conotoxin type 3 is the first of this type ever reported in this gastropod species. It has 62
amino acid residues with six-cysteine residues but with divergent amino acid sequence from the P-like type 1 conotoxin. P-
like conotoxin type 1 and 3 were detected in T. babylonia using gene specific primers for Gemmula species. The detection
ofthese P-like conotoxins provides support on the hypothesis of a possible “P-coding” system among the turrid snails. Similar
approach can be done in other turrid species.

Keywords: Turris babylonia, P-like conotoxins, venom peptides, conidae, turripeptide

1. INTRODUCTION morphological identification of turrids (Kantor et al.

2017).
Venomous marine snails of the superfamily Conoidea

are considered one of the most diverse invertebrate
lineages attributing to more than 10,000 species (Olivera
et al. 2014; Imperial et al. 2014). Among the Conoidea,
turrids are the most primitive, appearing around 120
million years ago (Heller 2015).

Turrids are a paraphylectic group from the marine
Gastropoda and were previously designated as the
family Turridae, encompassing more than 3,600 named
living species with several new species described every
year (Kantor et al. 2017). However, there is no distinct
turrid shell shape by which all members can easily be
identified (Omaga et al. 2017). Due to numerous
examples of homoplasy in their shell characteristics,
there have been species delimitation and difficulty in
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Nevertheless, there are few iconic turrid species, such
as Turris babylonia, the “tower of babel” (see Figure 1)
which has a characteristic shell shape, sculpture and
color pattern, thus allowing an unambiguous
identification. For 200 years, Turris babylonia has been
considered an easily identifiable and nominate species
forits genus (Kantor etal. 2017). In order to capture their
prey, these snails are equipped with feeding guilds and
complex venoms known as turritoxins which diverge
between species through hypermutation within gene
families, each having a specific target prey. Although
they are still characterized with highly conserved signal
and pro sequences (Olivera et al. 2014; Omaga et al.
2017; Heller 2015).
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Since the first characterization of turritoxins,
numerous toxins are reported in the
literature. Toxin homologs are common
across turrid species and reflect on
similarities of their prey-types. P-like
conotoxin is one type isolated in various
turrid snails. P-like conotoxins exhibit
conserved sequences in their precursor
peptides with marked diversity and subtype
variation in similar groups of turrid snails, a
toxin repertoire patterning, termed by
Heralde (2007) as “P-coding” system,
employed by turrid snails as a toxin
diversification strategy to better target their
prey. Hence, this study was conducted to
determine if P-like type 1 and type 3 conotoxin genes are
present in Turris babylonia using gene-specific primers
used in Gemmula species, a genus belonging to same
family as Turris babylonia. The use of genus-specific
primers among different genera in a family of marine
snails like the turrids may prove the presence of
conserved genes among the genus within the family and
a simpler approach in conotoxin discovery

2.1. Sample Collection, Authentication, and Total
RNA Extraction

The sample was taken from the authenticated collection
of Francisco M. Heralde Il and collected from the coasts
of Cebu and Bohol, Philippines 300 to 500 meters off the
coastline at the depth of 20 meters using tangled nets.
The venom ducts were isolated, collected, and placed in
RNAlater™ (Ambion, TX, USA) and stored at -80°C until
further use. Total RNA were first extracted from the
venom ducts of the snails (Turris babylonia) with
RNEasy™ Mini Tissue Kit (Qiagen, Hilden, Germany)
and kept at -80°C until further use.

2.2. Double stranded cDNA Preparation

Extracted total RNA from the venom ducts of the snails
was then used in the preparation of the double-stranded
(ds) cDNA, following the SMART cDNA (Clontech
Laboratories, Inc., CA, USA) protocol following the
manufacturer’s protocol.

2.3. PCR Amplification using primers for Gemmula
Species

The putative conotoxin genes were amplified from two
ML dsDNA product as template in 20 uL PCR reaction
mix containing two uL PCR buffer (10X), dNTPs (200
M), primers (0.5 pM each), Taq DNA polymerase (1U)
and diethylpyrocarbonate (DEPC)-treated water. The
primers used to amplify P-like conotoxin 1 was (5’-A(G/
T)CGAAG(A/C)GCT(C/G)CATTCG-3') and P-like
conotoxin 3 was (5-ATC (G/C)A(T/G)(C/T)GAT (C/A)
TGTT(T/G)TG-3’) which were gene-specific primers
designed for peptide conotoxins of Gemmula speciosa.
The PCR profile used were as follows: an initial
denaturation of one min at 95 °C, followed by 40 cycles
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Figure 1. Turris babylonia. The shell with angular whorls. Taken from the
coast of Cebu and Bohol, Philippines, May 2006, 20- meter depth, 6 cm.
(Heralde, 2007) Reproduced with permission.

of 20 sec at 95 °C, 20 sec at 54 °C and 30 sec at 72 °C,
and a final extension of 5 min at 72 °C. All amplicons
were analyzed by gel electrophoresis using agarose gel.

2.4 DNA Sequencing

The cDNA was then used as template for P-like type 1
and type 3 conotoxin amplification. The amplicons were
analyzed and visualized using gel electrophoresis and
the generated amplicons were sent to Macrogen, Inc.,
Korea for sequencing. The sequence was analyzed for
open reading frame and protein sequence determined
using DNAsis (Miraibio, Inc., CA, USA).

3. RESULTS AND DISCUSSION

Turrids produce venom that interferes with the
neuromuscularion channels by preventing the prey from
closing the sodium gates and opening the potassium
gates, thereby disrupting the electric signals that leave
the nerve cell. This eventually results to the continuous
paralysing twitch of all the body muscles, which then
immobilizes their prey (Heller 2015; Gonzales & Saloma
2014). The turrid snails pose significant challenges in its
taxonomy as being the largest family in the superfamily
Conoidea and with largely unknown turrid peptides
found in their venom (Olivera, Seronal, & Fedosov 2010;
Kendel et al. 2013).

The enormous resource of natural peptide toxins from
this venom has great pharmacological and research
potential. Each species has its own distinct complement
of highly structured peptide toxins, which then has a
specific, physiologically relevant protein target. The
molecular, physiological and pharmacological
characterizations of these diverse and numerous
peptide toxins have evolved in a new class of bioactive
drugs. These highly bio-diversified groups of venomous
marine gastropods still have so much to be discovered
for potential new species and pharmacologic uses. The
peptide toxin discovery from conoideans has
revolutionized the way scientists try to harvest the
natural resources available for pharmacological
application (Olivera et al. 2014; Heller 2015; Gonzales &
Saloma 2014).
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As applied in this study, the determination of P-like
conotoxins using gene-specific primers developed from
various turrids such as Gemmula species was
successful in detecting similar toxins in Turris babylonia.
In the study by Heralde (2008), the Pg-gene superfamily
of Gemmula venom peptides are identified and
characterized. The similar primers from Gemmula
speciosa and Gemmula lisajoni coding for P-like
conotoxin type 1 and type 3 respectively were used in
this study.

The PCR amplification of the synthesized double
stranded cDNA using the gene-specific primers for P-
like conotoxin types 1 and 3 of Gemmula species
showed distinct bands as seen fromthe agarose gel (see
Figure 2). These bands corresponded to the expected
amplicon size of approximately 250 bases. The utility of
primers for Gemmula species in amplification of P-like
conotoxin types 1 and 3 in Turris babylonia as used in
this study provided evidence that the conotoxins

1 2 3 4

Figure 2. The agarose gel of PCR amplicons of P-like toxin type
1 and 3. Lane 1 is the P-like toxin type 1 PCR product. Lane
2 is the P-like toxin type 3. Lane 3 is the actual 1 kb
GenelLadderTM run with the sample. Lane 4 is the 1 kb
GenelLadderTM bands for comparison taken from the
manufacturer’s website (http://www.fementas.com/).

are conserved throughout evolution making this diverse
group of marine gastropods as one of the most
successful species of venomous marine organisms
which use toxins for prey capture, avoidance of
predation, and successful competition in the highly
competitive marine ecosystem (Watkins, Hillyard, &
Olivera 2006, Fu et al. 2018; Jin et al. 2019).

The gene sequences of P-like conotoxin types 1 and 3
showed similar framework IX scaffold (C-C-C-C-C-C)
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with differences in the mature peptide sequences. The
toxin precursor of P-like conotoxin type 1 has 85 amino
acid residues with the characteristic six-cysteine
residues and a conserve region of YEDGE similar to the
onereported by Heralde (2007), alsoin T. babylonia (see
Table 1). The toxin precursor of P-like conotoxin type 3
is the first of this type ever reported in this gastropod
species. Ithas 62 amino acid residues with the same six-
cysteine residues but with divergent amino acid
sequence from the P-like type 1 conotoxin. The toxin
precursor peptide sequences of both toxins are shownin
Table 1. Despite the presence of structural similarities of
P-like conotoxin 1 and 3 with the general conotoxins with
the distinctive cysteine framework, the biological
function of these toxins may not necessarily be similar.
The idea that the structural characteristics of these
toxins follows the purported biological functions may not
hold true to this group of marine gastropods. There is
such a wide functional diversity among conotoxins due
to post-translational modifications, sequence variation
of the mature peptide toxins, and structural framework
variations (Miles et al. 2002).

The conotoxins are complex polypeptides composed of
three major sequences wherein the polypeptides are
cleaved to release the functionally mature peptide
sequence. These are short sequence polypeptides with
a signal sequence in the “pre” region at the N-terminal,
followed by a pro sequence, and the biologically active
sequence at the C-terminal part. The several
superfamilies of conotoxins derived from the cone snails
(Conus) are well studied than its more abundant
cousins, the auger snails (Hastula) and the turrid snails
(Turrid). The diversity of conotoxins found in cone snails
is also expected among auger and turrid snails. Hence,
the body of knowledge about the conotoxins provides
the foundation in our effort to elucidate the functional
diversity of peptide toxins in auger and turrid snails
(Watkins, Hillyard, & Olivera 2006; Becker & Terlau
2008).

The detection of P-like conotoxins type 1 and type 3 in
Turris babylonia strengthens the hypothesis of the
possible “P-coding” system among the generic
members of the subfamily Turrinae (H. Adams and A.
Adams1853 (1838)) and possibly among the Conoidea.
Such P-like toxin gene homolog is present in most
members of the subfamily Turrinae. In 2007, Heralde
reported a toxin repertoire patterning, termed as “P-
coding” system, which is used by these snails to
effectively capture their prey. This coding system allows
identification of potential toxins in Conoidean snails
other than cone snails that have similar P-like pattern in
its precursor peptide as used in categorizing conotoxins
among cone snails (Heralde 2007; Heralde 2008;
Robinson & Norton 2014). The approached used in this
study to isolate potential peptide toxins in less studied
and researched families of Conoidean snails can be
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Table 1. Toxin precursor sequences of P-like conotoxin types 1 and 3 of Turris babylonia from amplicons using the designed P-
like conotoxin type 1 and 3 primers for Gemmula spp. Peptide cleavage site is shown underlined while the conserved cysteine
scaffold in bold letters. Conserved sequence relevant to clustering is shown italicized.

P-like toxin type 1 of Turris babylonia

As reported in Heralde (2007) with 82 amino acids

As reported in this study with 85 amino acids

MMAKLMITVMTVLLLSLOQQGADGRSERWRKNQMAASRIMRNLIT/ LDPPRYCTHKIC YEDGECNQWCTAGCNLILGNCDTL

MDVKGMITVMNVLGPSLQQGADGRSERWRKNQMAASRIMRNLIV/ FLDGPRYCTHKIC YEGDECNQWCTLGCNLILGSCDTAWI

Y ANY AN

P-like toxin type 3 of Turris babylonia as reported in this study with 62 amino acids

MKVYCLLLVFVWFLSSQAPGRLDPRCSGVCFRPYSLLCVFSYPFTPKWCLIILFDCPVQFYN

used to further the research initiatives and our
understanding of the diversity of the turrid peptides.

4. CONCLUSION

P-like conotoxin types 1 and 3 were detected in T.
babylonia using gene specific primers for Gemmula
species. The P-like type 3 toxin detected in this study
was the firstever reported in this gastropod species. The
detection of these P-like toxins provides support on the
hypothesis of a possible “P-coding” system among the
turrid snails. Similar approach can be done in other turrid
species and the information utilized to correlate with their
polychate-prey profiles.
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Abstract: Breast cancer among women has shown a steady increase in incidence and mortality rates in the Philippines,
and around the globe. To date, there are a few and limited biomarkers approved for diagnosis and target for therapy. Some
tumor tissues do not express any valid biomarkers in clinical tests, and patients from this group are unlikely to respond well
to hormone therapy. Here, we presented a comprehensive literature resources citing potential biomarkers found from omics-
based assays. More importantly, we also presented a rich list of significantly expressed novel protein biomarkers found
through mass spectrometry and proteomic analysis. By applying mass spectrometry technology, we can achieve deep and
large proteomic profiles from cells and tissues. The latest developments in mass spectrometry and its application will bring
a big impactin breast cancer research and drug discovery as we find novel proteins and its association to various pathways

linked to the hallmarks of breast cancer.

Keywords: Proteomics, mass spectrometry, breast cancer, biomarker, tumor marker, proteogenomics, omics

1. INTRODUCTION

The World Health Organization during the World Cancer
Day 2020 recently warns the public of probable spike in
breast cancer estimated to affect more than 15 million
women globally by 2030 [1]. In the Philippines and most
developing countries in Asia, a slow but steady increase
in the rate of incidence, mortality and breast cancer
recurrence is manifested. Health experts around the
world have successfully implemented different
strategies to mitigate and control breast cancer. They
encourage individuals to conduct self-examination of the
breast, and to undergo an annual breast cancer
screening test to assess risk, and screen for breast
cancer before its onset [2]. Breast cancer today is
treated according to the presentation of specific breast
cancer biomarkers in each patient. Breast cancer is
detected with very few validated biomarkers - estrogen
receptor (ER), progesterone receptor (PR), and the
human epidermal growth factor receptor 2 (HER2).
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However, there are a few patients who do not show
evidence of any biomarkers with these in clinical
laboratory tests, and therefore do not have good
prognosis. Another drawback affecting accuracy in
current clinical laboratory diagnosis in cancer is the
availability of limited tissue biopsy for examination. The
tissue obtained depending on its size may or may not be
sufficient for the numerous pathological tests to perform.
The biopsy tissue samples would naturally have a
heterogeneous form which may lead to poor conclusive
information on the properties of the cancer as a whole.
These challenges are now being addressed with modern
technology and sophisticated instrumentation such as
the mass spectrometry paired with software for
computational tools. It is regarded as fast and emerging
technology useful in discovering new and potential
protein biomarkers for breast cancer.

A. Standard Breast Cancer Screening Methods
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The female breast is made of milk-producing glandular
tissues, lobules, ducts, and fatty tissues [3]. A thorough
self-examination can observe changes on the skin,
around the breast area, and lymph nodes near the
armpit. Visualizing the lump can be done by breast
mammography using low-dose X-rays to identify
irregularities in the breast density and mass formation in
the breast. Breast ultrasound is a better alternative to
mammography since the later although noninvasive is
painful and is not well tolerated by other patients.
Magnetic resonance imaging (MRI) is another
sophisticated but not too commonly used pictorial
imaging of the breast. MRI provides a more accurate
breast cancer staging results than the first two methods
[4]. Theimages derived from these imaging methods are
inspected by technicians and medical doctors to
describe the nature of the size of the lump, malignancy
of the disease, or make recommendation for additional
laboratory examinations. The way this examination is
done even with experienced personnel may pose
inaccurate diagnosis, carry the risk of false-positive
results, and discrepancies due to the limitations of the
imaging method itself, and the subjective judgment of
the observer. Nevertheless, these imaging technologies
combined with regular self-examination have
contributed to reduce mortality among breast cancer
patients.

If the preliminary breast cancer screening results show
suspicious lumps, other test may be recommended and
a biopsy will be done [5]. Biopsy is an invasive procedure
which collects breast tissue samples by open surgery or
by needle biopsy collection. Immunohistochemistry
(IHC) is the standard assay platform for the pathology of
tissue biopsy and surgical resection specimen. In breast
cancer, IHC for ER, PR, and HER2 are performed using
laboratory produced antibodies. IHC may arrive at
varying results due to the heterogeneity of the breast
tissue, choice of antibody, age of fixative and reagents,
different manufacturers, and the kind of immunostaining
methods applied. In situ hybridization (ISH) or
fluorescence in situ hybridization (FISH) test is done to
complement IHC testto measure HER2 more accurately
when IHC results are negative or at the borderline in
terms of HER2 scoring.

B. Gene and Protein Biomarkers Associated to
Breast and Cancer Development

The mammary gland undergoes three distinct stages in
which hormones and growth factors play critical role in
the complex biological process called mammogenesis.
At the instance of embryo development, the skin’s
ectoderm will form mammary placodes until puberty [6].
The first stage forms an immature mammary gland in a
process called “ductal morphogenesis” which is
regulated by ER and insulin-like growth factor 1(IGF-1)
[71, [8]- Upon reaching puberty, the growth factor-like
amphiregulin (AREG) becomes more abundant for
proper development of the mammary epithelial cells.
Ovaries secrete estrogen hormone to promote fat cells
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to proliferate and deposit around the breast connective
tissues thereby enlarging the size of the breast [9]. As a
person matures physically, progesterone, estrogen and
other growth hormones are involved in the development
of the breast, and production of milk during pregnancy.
As a female adult becomes pregnant, prolactin and
progesterone promote milk production. The alveolar at
this time switches to secrete more milk during the
lactation period. As the weaning period ceases to stop,
milk production and supply begins to decrease with
reduced demand. At this point involution takes place to
return the mammary glands back to its normal pre-
pregnancy condition [10].

As the breast ages, there is a decrease in the ducts
embedded in strands of collagen, depletion of mammary
stem cells, and replacement of interlobular connective
tissues and glandular epithelium tissues with fat. Early
onset of lobular involution in premenopausal women
have significantly decreased the risk of developing
breast cancer compared to those with delayed involution
[11]. These stages in the normal mammary gland
development, functioning and aging all require
numerous chains of biochemical events involved in
several signaling pathways. When any of these
biomolecules undergo uncontrolled changes or
mutation it becomes contributory to the risk of
developing breast cancer.

Breast cancer are diagnosed in clinics for detection and
analysis of the status of abundance of hormone
receptors. Breast cancer tumors found to have an over
expression or high abundance of these protein
biomarkers will be called ER+, PR+, or HER2+. If none
of these three receptors are found in the breast cancer
tumor then such disease is considered as triple negative
breast cancer (TNBC). With such presentation or
absence of these receptor, breast cancer is subtype D
accordingly in clinics. Table 1 summarizes the intrinsic
breast cancer subtypes into 4 major groups [12].

Table 1. Intrinsic breast cancer Subtypes of breast cancer
according to receptor and gene detection

Group Breast Cancer Subtype Biomarker/s
overexpressed

1 Luminal A ER+, PR+/PR-

2 Luminal B ER+, PR+/PR-, and
HER2+

3 HER?2 positive, HER2+

nonluminal
4 Triple-negative or basal- No known biomarker
like

Estrogen has long been implicated to support growth of
breast cancer because it binds directly to ERs found on
the cell membrane. Estrogen receptors are transcription
factor proteins encoded by the estrogen receptor 1
(ESR1) gene. Itis composed of domains which support
hormone binding, and activation of transcription for the
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synthesis of proteins. The ER+ breast cancer manifests
abundant ERs that bind with estrogen promoting
deregulated breast cancer growth. Anti-estrogen drug is
an anti-estrogen hormone therapy acting as estrogen
antagonist to block estrogen from binding to the ERs.
Progesterone is an important steroid hormone which
regulates changes in the reproductive system. Most
breast cancers express both ER and PR together, as a
result PR is usually studied always alongside with ER.
The progesterone receptor positive (PR+) kind of breast
cancer would not only be PR+ but often be ER+, too.
Hormone receptor negative or TNBC do not over
express ER, PR nor HER2 receptors. TNBC to date
remains to have the worst prognosis and available
hormone antagonistic therapies in most situations will
not work with this type of cancer.

In a study by Chiang et al., they found that in ER+
invasive breast carcinomas, AREG was contributory to
the increased invasiveness of breast cancer cells.
Suppressing AREG expression in transformed human
breast epithelial cells in nude mice showed decrease
formation of tumor [13]. AREG mechanism have not
been completely understood but it is hypothesized to
cross the membrane to the stromal fibroblasts activating
the epidermal growth factor receptor (EGFR), and
induce expression of fibroblast growth factors (FGFs)
leading to cellular proliferation. In adult female breast,
some hyperplastic enlarged lobular unit (HELU) studies
revealed both ER and AREG are upregulated and are
suspected to induce self-propagating growth leading to
tumorigenesis [14]. Such findings support that AREG
plays arole in breast cancer development particularly for
ER+ tumors [15], [16].

Another study identified progesterone and its relation to
the tumor necrosis factor ligand superfamily, member 11
gene which encodes the receptor activator of nuclear
kappa-B ligand (RANKL) and its receptor — RANK.
RANK, RANKL and progesterone are all found to be
essential in the milk production of the mammary gland
during pre-pregnancy stages [17]. The RANK/RANKL
signaling pathway is also regulated by progesterone
being the main upstream regulator of the RANK/RANKL
pair. The RANK/RANKL pair expression also were found
to control stem cell expansion and generate the pro-
growth response, and drives cell proliferation in
progestin-dependent breast cancers [18], [19].

Risk of breast cancer was investigated from isolated
extracellular matrix (ECM) from post-weaning mammary
glands. The study revealed some mass forming ECM
fragments which increases the metastasis of breast
cancer in mice, and the invasiveness of breast cancer
cells in culture [20]. Post-lactation involution processes
have also been connected to breast cancer and
tumorigenesis in few transcriptional profiling studies
[21]. It is assumed that involution may lead to a tumor
microenvironment that alters preneoplastic mammary
cells leading to transient increase in breast cancer risk
after pregnancy [22].
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A few of the linked oncogenic pathways to breast cancer
are the ER signaling pathway [23], HER2 signaling
pathway [24], nuclear factor-kappaB (NFkB) signaling
pathway [25], mitogen-activated protein kinase (MAPK)
signaling pathway [26], phosphatidylinositol 3-kinase/
protein kinase B/mammalian target of rapamycin (PI3/
AKT/mTOR) signaling pathway [27], and notch signaling
pathway [28]. When sudden changes in the body’s
physiology and conditions take place, these signaling
pathways maybe altered, hijacked or dysregulated by
activities of the cells leading to uncontrolled cell growth,
cell invasiveness, and suppresses cell apoptosis [12].
These pathways are considered in most breast cancer
studies and some drugs have been developed to inhibit
downstream signaling to control breast cancer.

Other studies look at the genetic DNA for preventive and
prophylactic approach to breast cancer treatment.
Germline or somatic mutations in genes are suspected
to code for growth of the cancerous cells [29]. One of the
genes linked to breast cancer is the human epidermal
growth factor 2 gene, also called HER-2/neu or ErbB-2
gene (ERBB2). The amplification and deregulation of
the ERBB2 gene leads to an overexpression of HER2 in
tumor cells. Burstein et al.,, found out that HER2
overexpression may reach as high as 50-fold higher than
its normal abundance in 30% of the invasive breast
cancer tumor tissues used in this study [30]. The HER-2
protein is found to activate molecular pathways
supporting cellular proliferation and metastasis of breast
cancer.

Some breast cancers are hereditary and it is passed
from an autosomal dominant pattern from any one of the
parents to offspring such as the mutations presented by
the breast cancer gene 1 (BRCA1) and breast cancer
gene 2 (BRCA2) [31]. Presence of these genes
increases one’s risk to developing breast cancer and
morbidity [32]. At normal conditions, the breast cancer
genes function by encoding proteins to control and repair
damages in the DNA or fix other gene mutations. BRCA
genes also prevent uncontrolled cellular division and
growth suppressing rapid tumor formation. But when
BRCA genes are mutated it leads to forming abnormal
and nonfunctional versions of the corresponding BRCA1
and BRCAZ proteins.

From the abovementioned biomarkers still very few are
currently being considered for breast cancer clinical
diagnosis to date. These biomarkers are either genes or
proteins, with known cellular regulation and binding
properties controlling downstream signaling activities. In
some instances, these molecules are modified by
external factors leading toits distorted structure affecting
its role to maintain the cell’s normal homeostasis.
With increasing demand for potential biomarkers
for diagnosis, a high throughput and multiplex
analysis method in the detection is an emerging
need. Biomarker discovery by mass spectrometry
(MS) is becoming a popular method of
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choice, and as well as an effective tool in disease
diagnosis. This method is capable of analyzing tissue
samples that are heterogeneous in nature, and are
usually available in small or limited quantities.
Experienced MS users were able to achieve wider and
deeper analytical capability in many different kinds of
samples. MS has also delivered analysis with high
sensitivity, reproducibility and repeatability, and
accuracy and precision over multiplex analysis of
samples. In MS, profiling of the biopsy of both tumor (T)
and its adjacent non-tumor tissues (NT) can also be
done simultaneously. This method can deliver better
identification and differentiation measures of breast
cancer-associated biomarkers in every patient.

C. Genes to protein biomarkers in breast cancer
clinical diagnosis

Prognosis estimates the course and outcome of cancer
such as the likelihood of recurrence, remission and
survival. An individual breast cancer prognosis is done
in several phases, first tumor biopsy is subjected to
histomorphology to examine its type, grade and size of
the cancer, and its presence in the lymph nodes. The
second phase detects protein biomarkers, ER, PR, and
HER2 expression status. In cancer prognosis, about
20-30% of breast cancer tumors have malignant breast
cancer cells that have unusually high concentration of
HERZ2 receptor proteins. Overexpression of HER2 found
on tissues are contributory to unusually rapid cell
proliferation. This is carried on by the dimerization of
HER2 with other EGFRs leading to the activation of the
growth factor signaling pathway driving cancer to grow
[33]. Some HER2 breast cancer patients show
improvement with first generation adjuvant therapy like
trastuzumab, while others would require other HER2
targeted therapies such as antibodies pertuzumab and
adotrastuzumab emtasine, or a kinase inhibitor like
lapatinib [34].

Another protein biomarker used in breast cancer care is
Ki-67 antigen expressed by the marker of
proliferation Ki67 (MKi67) gene. This is used as a
prognostic biomarker for measuring proliferation,
predicting drug response, and drug resistance [35]. Ki67
concentration in tumor positive cells increases as cells
prepare to divide and form new cells. Hormone receptors
together with Ki-67 are quantitatively measured using
IHC based assays [36]. Results from the IHC assay have
brought some concerns such as the nonlinear nature of
IHC staining due to the heterogeneous nature of the
tumor tissue, the antibodies itself and slide scoring
applied, and the different subcellular location of the
different biomarkers. Genomics have addressed these
issues and led to the development of various gene-
based technologies for tumor biomarker assessment.
There is a free online tool called “Predict,” that
may be used to provide patients and doctors
varied treatments options for post-operative early
invasive breast cancer patients [37]. Estimating
prognosis have also been successfully done with
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genomics assays approved by USFDA to profile gene
expression and has been used as one of the more
accurate assays for diagnosis and estimating prognosis
in breast cancer. In various conditions and stages of
breast cancer, several multianalyte tests are used
routinely in the laboratory examination of patient
samples. Current gene-based assays include Oncotype
DX, urokinase plasminogen activator (uPA)-PAl-1,
BBDRisk Dx, Immunohistochemistry 4 (IHC4),
BreastSentry, MammaPrint, EndoPredict, Breast
Cancer Index, Natera's Signatera Molecular Monitoring
(MRD), Rotterdam Signature 76-Gene Panel,
HERmark, NexCourse IHC4, Mammostrat,
Symphony (Agendia), GeneSearch BLN, Insight TNBC
type, and Prosigna (PAM50). Each assay has its own
advantages and applies only to specific subgroups of
patients to predict prognosis and plan for the most suited
adjunct therapy treatment.

There are also individual genes USFDA approved for
prognosis in some types of breast cancers such as
neurotrophic tropomyosin receptor kinase
(NTRK) genes, and phosphatidylinositol 3-kinases
catalytic subunit alpha (PI3KCA) gene. NTRK genes
were observed upon the fusion of proteins encoded
upon by three NTRK genes in secretory breast
carcinoma [38]. The PIK3CA gene commonly found
mutated in ER+ breast cancer alters the activity of class
IA phosphatidylinositol 3-kinase (PI3K). The mutation
causes PI3K to downstream activate the PISK/AKT/
mTOR pathway involve in breast cancer [39]. Patients
with advanced breast cancer having PI3K mutation are
given some PI3K inhibitor like alpelisib along with
fulvestrant [40]. These findings suggest that detecting
genes is useful in determining therapies for lowering the
risk of breast cancer onset and recurrence. On the other
hand, incorporating genetic testing into breast cancer
care requires accredited laboratories to perform this
clinically validated tests, technical skills of analyst, and
modern instrumentation to arrive at accurate results.

Complementing genomics is the emerging proteomics
approach to diagnosis and prognosis. The study of
proteomics has brought remarkable advancementin the
better understanding of the disease since proteins are
directly involved in all cellular processes. The
carcinoembryonic antigen (CEA) family of glycoproteins
is the most widely used antigen found in the tumortissue.
One of the major subfamilies of these genes is the CEA
cellular adhesion molecule (CEACAM) family belonging
to the immunoglobulin superfamily. The adhesion
properties of these molecules with one another or with
other molecules suggest that alternations in cell
adhesion play an important role in cancer metastasis.
CEA levels are measure to aid in breast cancer
diagnosis, clinical staging, responsiveness
to chemotherapy or radiotherapy treatments,
and monitoring recurrence in post-operative patients
[41]. The cancer antigen 15-3 (CA 15-3), and
cancer antigen 27.29 (CA 27.29) are normally
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expressed in healthy cells to work in controlling
abnormal cellular growth. In cancer cells, elevated CA
15-3 amounts in blood are used to monitor the stage of
breast cancer, and measure the effectivity of a breast
cancer therapy [42]. A more sensitive biomarker than
CA 15-3 for metastatic breast cancer is CA 27.29. This
highly polymorphic glycoprotein is found to be less
glycosylated in breast cancer tumor cells than its usual
form [43]. The biomarker is expressed throughout
malignant epithelial cells of the breast and measured
together with other tumor markers to improve specificity
in disease staging, track effectivity of therapy, and
monitor breast cancer recurrence.

USFDA have approved protein tumor markers for breast
cancer longitudinal study including the circulating tumor
cell analysis of epithelial cell adhesion molecule
(EpCAM), CD45 antigen, and cytokeratins (CK8, CK18,
and CK19). Circulating tumor cells (CTCs) though exist
in minute concentrations in the blood, urine, stool or
other body fluids have occupied a big role in many
cancer research seeking to find prognostic and
therapeutic values in metastatic breast cancer[18], [44].
EpCAM expressed by normal CTCs, is a membrane
protein being considered to become a novel drug target
for gene therapy. In a study done by Osta et. al, they
compared the primary and metastatic breast cancer
against normal breast tissue and discovered that
EpCAM mRNA expression levels to be differentially
overexpressed by 100 to 1000-fold in breast cancer
tumor tissue [45]. Such tumor markers may also be
measured periodically to monitor good response of
cancer therapy by detecting a significant decrease in the
concentration of circulating tumor marker. CD45 antigen
also known as protein tyrosine phosphatase, receptor
type, C (PTPRC) is a signaling protein involved in a
number of cellular processes including cellular division
and growth. Itis also found to regulate functions of some
antigen receptor complexes and kinases necessary for
antigen receptor signaling [46]. In breast cancer CD45
are important in the diagnosis and can be used to
monitor changes relative to the effectivity of the applied
drug for therapy. CK8, CK18, and CK19 are proteins
expressed by the epithelial cells normally lining the
breast tissue. Measuring changes in the levels of these
protein biomarkers concentration would determine the
cancerous condition of breast-associated
adenocarcinomas [47], [48]. Lustberg et al. alsoreported
in their findings that circulating atypical cells detected in
blood have high expression of CK8, CK18, CK19, and
CD45 biomarkers [49]. Researchers continue to
discover possible mechanisms of these CTC
biomarkers relevant in understanding tumor metastasis.
The first and only approved immunotherapy currently
used in breast cancer clinics is the detection of
programmed cell death-1 receptor (PD-1). PD-1 is an
important signaling protein found on the surface of
immune cells and some tumor cells Its role is to provide
immune inhibitory signals to fight pathogens and cancer
cells. By blocking PD-1 with drugs such as
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atezolizumab, PD-1 can help boost the body’s immune
system [50]. In some forms of cancer, IHC analysis is
performed to detect PD-1 ligand (PD-L1)
overexpression from patient samples. The JAK1/JAK2-
STAT1/STAT2/STAT3-IRF1 pathway regulates the
expression of PD-L1 upon secretion of interferon
gamma (IFN-y) by the T cells [51]. The molecule PD-1
once bound to PD-L1 delivers a negative modulatory
signaling pathway to activate T cells. The activation of
due to PD-1 and its ligand PD-L1 in the PD-1/PD-L1
pathway induces downregulation of T-cell activity, cell
proliferation, induction of tolerance to antigens, and trick
the immune cells from destroying damaged cells [52]. In
metastatic TNBC, blocking PD-1 or PD-L1 with specific
antibodies have shown good response and control over
cancer growth [53]. IHC when compared to MS-based
analysis of PDL1, IHC was found to show lower
concentrations of the glycosylated protein. This result
may lead clinicians to ignore PDL1 expression and may
misdiagnosis patients with inappropriate
immunotherapy. In this respect, MS-based absolute
quantification delivers better sensitivity to detect protein
expression levels even whenitis in its glycosylated form
[54].

Proteomics and genomics, together termed as
proteogenomics, in conjunction with computational
tools, newer technologies are leading the way to finding
better solutions in discovering specific biomarkers to
combat breast cancer. This underscores as well the
importance of biomarker in the more advanced stages,
recurring types and those that are rare, and have
difficulty in finding appropriate and precise treatment.
Collectively, these attempts in proteogenomics is
leaning towards an improved quality-of-life among
breast cancer patients, and an eradication of the disease
in the near future.

D. Mass Spectrometry-based Proteomics Approach

Research in breast cancer has not found a biomarker
which provides measure for accurate breast cancer
diagnosis and typing. Protein molecules are considered
best biomarkers for they have different functions and are
involved in many biochemical reactions in the body
including the body’s fight to prevent diseases including
cancer. To perform analysis of the proteins, mass
spectrometry was widely adopted for proteomics
research. In the past years, peptides cannot even be
analyzed in MS since peptide samples cannot be ionized
in its gaseous form. With the latest application of
ionization technology even peptides and other simple
molecules to as low as femtomole quantities in liquid
states can possibly be analyzed and sequenced today in
MS.

MS-based proteomics strategies can either be top-
down, or bottom-up proteomics [55]. Proteins are first
extracted from biological samples like cell lines, tissues,
tumor specimens, and other derivatives. These proteins
are enzymatically digested into peptides and then
analyzed by liquid chromatography—-tandem mass
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spectrometry (LC-MS/MS). In top-down proteomics it
analyzes intact proteins separated first by isoelectric
focusing (IEF) according to its isoelectric pH, then by
sodium  dodecyl sulfate polyacrylamide  gel
electrophoresis (SDS-PAGE) according to its size. The
separation of proteins can be viewed by performing
protein staining or by using fluorescent tags. The two-
dimensional electrophoresis (2-DE) technique is low
throughput and is limited by protein solubility and
sensitivity of detection. In this technique a big amount of
sample is needed for this assay. Its minimum detection
sensitivity is down to a few numbers of proteins with
molecular weights of at least 120 kDA per run. Specific
proteins of interest are excised from the gel, purified, and
analyzed using the mass spectrometer [56]. An
improved protein profiling strategy was later developed
called the “bottom-up” or “shotgun” proteomics [55]
which refers to reconstruction of protein information from
peptide sequences. In shotgun proteomics high
performance liquid chromatography (HPLC) in tandem
mass spectrometry is used for characterization of
proteins from complex samples [57], [58], clinical
biomarkers discovery [59], identification of post-
translational modifications (PTMs) [60] and protein-
protein interactions [61] to explore biological system
[62].

Peptides are digested proteins extracted from samples
and digested usually with trypsin, or other proteases. A
final step requires peptide purification by washing away
salts, detergents and inactivated enzymes to eliminate
matrix effects in LC-MS leading to ion suppression or co-
elution of distinct peptides. Purified peptides are
analyzed with optimized workflows and LC-MS method
settings to achieve efficient mass fragmentation
datasets for identifying peptide sequences and proteins.
The resulting analysis will be matched to protein
sequences from protein sequence databases [63] and
spectral libraries of fragment ions and precursor ions
[64], [65]. Spectral libraries are acquired a priori from
single shot and fractionated samples from tissues or cell
lines from an organism. The spectral libraries are used
for peptide identification and quantification for protein
sequencing at 1% false discovery rate [66]. MS
engineering technology have continuously achieved
better results over the years. Latest chromatography
columns have been designed with varying dimensions,
retention characteristics, particle size, and selectivity of
the column material. These enhancements make it
possible to detect a broader protein range, better peak
resolution and shorter gradient time. Using LC-MS
technology proteome profiling acquired from
reproducible analysis have presented improved
sensitivity in peptide and protein identification and
quantitation, specificity and discrimination between
protein isoforms. Datasets derived from MS analysis of
the peptides are submitted to software capable of
automatically sequencing the MS/MS (also written as
MS2) spectra of the fragmented ions. Peptide
identification is done by comparing the mass spectrum
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of peptides to mass spectra predicted from public
sequence databases or mass spectral libraries.

The development of quantitative methods has become
the focus of MS-based proteomics research, with the
aim of achieving high precision and accuracy in
quantitation, as well as a high reproducibility and low
number of missing values. Protein quantification is
usually performed in two major approaches: the use of
stable isotope labelling and label-free techniques.
These methods provide opportunity for sample
multiplexing, and quantitation analysis based on relative
intensities of the reporter ions. Most proteomics
quantification workflows involve chemical labelling
techniques for relative and absolute quantitation, such
as Stable Isotope Labeling by Amino Acids in Cell
Culture (SILAC), Isobaric Tags for Relative and
Absolute Quantification (iTRAQ), and Tandem Mass
Tags (TMT). Labelling strategies allow multiplexing few
samples at the same time, however, they are limited by
the high cost of isotope labels, varying labeling efficiency
and software for data analysis. Some of the techniques
of labeling include protein or peptide, chimeric
recombinant protein, isobaric and metabolic either in
vivo or in vitro. SILAC [67] is used in vivo, while iTRAQ
[68], and TMT [69] are used in vitro.

SILAC requires cells cultured with light medium using
normal arginine (blue color Arg-0 isotope), and medium
with heavy arginine (red color Arg-6 isotope). These
isotopes of arginine are metabolically incorporated into
the proteins while cells are growing under certain
experimental conditions. Afterwards, cells are harvested
and proteins are extracted from each set-up. Mass
spectra of the corresponding peptides in both medium
and light cultures are analyzed. Combination of both light
and medium sample peak intensities in the mass
spectrum will give the ratio of its relative protein
abundance. If the protein would have a ratio of 1 this
means that the abundance in both light and medium
samples are the same. If the protein ratio is less than 1,
then the protein abundance is greater in the medium
sample than in the light sample, and vice versa if ratio is
more than 1. These information from SILAC may lead to
the identification of differentially expressed proteins in
the sample. iTRAQ is also used for cells, tissues and
other samples. It uses stable isotopes in iTRAQ
reagents to be covalently bonded to the N-terminus and
side chain amines of proteotypic peptides. iTRAQ
enables relative quantification of very complex tissue
mixtures thus it is been used in MS analysis in various
applications such as comparison between normal and
adjacent tissues, drug treated samples of cancer patient
samples, biological replicates. TMT is currently the latest
add-on in the label-methods for MS/MS analysis and
have great advantage for its ability for multiplex analysis
surpassing that of what iTRAQ may offer. TMT can
perform analysis with several samples within one
experiment producing MS data sets that defines the
proteome of each sample. By TMT method analysis can
have a reduced overall analytical time and eliminates
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variations from one sample run to another. For the
protein quantitation and identification, the isobaric set of
six mass tags with five isotopic substitutions called
tandem mass tags six-plex (6-plex-TMT) were the first to
be used as chemical labels for cell lines or patient
samples. There are different TMT products now made
available capable of conducting as high as 16-multiplex
(16-plex Pro-TMT) analyses. TMT method was also
compared to label-free DIA method in a study performed
in the lab of Muntel [69]. They found that MS label-free
approach yields high protein quantification and
identification with less than 2% missing values, while
TMT approach have achieved higher quantitation
accuracy.

These labelling approach to proteomics improve
sensitivity and the analysis when compared to other
approach display fewer missing fragment ion intensities
in the analysis. Table 2, highlights the characteristics of
the three labeling techniques.

Table 2. Characteristics of SILAC, iTRAQ, and TMT

SILAC iTRAQ TMT
Labelling Stable isotope - | Isobaric reagents Stable isotope
Method labeled lysine labels
and arginine
Sample Living cells Peptides Proteins and
peptides
Advantages Less sample High throughput High throughput
required (4-/8-plex) (up to 10-plex)
Canbeusedin | High sensitivity High sensitivity
live cell lines Good Efficient
reproducibility separation ability
Good
reproducibility and
repeatability
Disadvantages | Expensive Expensive Expensive
reagents reagents reagents
Limited to cell Low scan speed
line samples requirement
decreases sample
throughput
Reference [67] [70] [71]

MS-based proteomics strategies make it also possible to
perform measurement of proteins that have undergone
some form of PTMs including ubiquitylation,
phosphorylation, and acetylation to name a few among
hundred types [72]. PTMs enable energy-efficient
protein function optimization and diversifying its
functionality at the cellular level to regulate cellular
processes and pathway signals for growth, proliferation,
and apoptosis. In a pool of peptides, PTMs are mapped
by shotgun sequencing, or are fished out with a variety
of affinity-enrichment or by covalent capture techniques,
or its combination. In doing so, specificity is improved
and co-eluting distinct peptides prevented. An approach
toimprove shotgun sequencing approach in LC/MS is by
performing a prefractionation step. This will improve the
dynamic range and expands the LC/MS-MS capacity to
detect beyond the four to five orders of magnitudes
[73]. By doing so, an increase in peptide coverage
and identification of low abundant proteins (LAPSs)
to the high abundant proteins (HAPs) [74]
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happen. Protein abundance in some samples like in a
single cell protein, can vary from 50 to 1,000,000 relative
quantities. When the HAPs and LAPs are together,
proteomic analysis becomes difficult since the bigger
molecules can dominate in the sample matrix and hide
the appearance of LAPs. There is also a big
consideration in research of LAPs for some studies
suggesting that these are found to leak into the blood in
very small quantities. Circulating tumor cells are known
to contain LAPs which may yield potential breast cancer
biomarkers.

PTM-specific enrichment approach improves sensitivity
and specificity of MS analysis [75]. In this manner,
phosphoproteins are isolated from proteomic mixtures
either by anti-phosphoamino acid antibodies or PTM-
specific affinity to the phosphate groups. After targeted
enrichment, these phosphoproteins are digested to yield
peptides which is later enriched by antibodies, titanium
dioxide (TiO,), or by immobilized metal affinity
chromatography (IMAC). At this point peptide
complexity and heterogeneity is addressed by
separating it into components in ion exchange
chromatography as final step prior to LC-tandem MS
analysis. The result of this leading to the detection of
thousands of phosphorylated sites [76].

Samples may also be processed without using isotopic
labels because of some practical reasons and cost-
consideration. In label-free MS, peptides are directly
analyzed, and proteins are quantified on the basis of
precursor ion signal intensity or spectral counting
[80].Recently, label-free quantitative proteins strategy
has become a stand-alone method or in combination
with enrichment or other labelling methods. In label-free
approach, no chemical labels or tags are added to
peptides before it is submitted to MS analysis.
Fragmentation and mass analysis of these peptides are
obtained either by data dependent (DDA) or data
independent acquisition (DIA) [77]. Data dependent
acquisition (DDA) is a highly selective method
commonly applied to many MS instruments including
triple quadrupole, Orbitrap, and tandem Q-ToF or ToF/
ToF. Large-scale precursor ions enter the quadrupoles.
The quadrupole emits simultaneously high and low
energies to facilitate collision-induced dissociation of
precursor ions. Upon fragmentation, accurate mass
measurement is detected in the instrument. In DDA, the
peptide precursors are scanned and in each scan about
9-10 precursors having the highest intensities at MS1
are selected for further fragmentation for the sequential
MS/MS. However, in DDA method only those with high
intensity precursors are selected to enter the mass
analyzer. The low intensities fragments are ejected out
in a trajectory and will never reach the detector for
measurement. DDA may eliminate some important
peptides at this stage. It may also miss some precursors
to be identified after MS/MS analysis creating some
difficulties in quantitation.
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The data independent acquisition (DIA) method is an
answer to the earlier difficulties faced by using DDA. In
DIA the entire mass spectrum produced from MS1 ion
intensities is fragmented and undergoes MS/MS
analysis. Precursors are taken part by part selected over
a very narrow m/z range. This is known as isolation
windows, and the acquisition method termed as
sequential windowed acquisition of all theoretical
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Figure 1. Data Dependent Acquisition. In the figure the high
intensity precursors 1,2,3 in MS1 full scan will undergo
sequential isolation and MS/MS fragmentation to produce a
mass ion spectrum. (Abbreviation: HCD,High-enery collision
dissociation)

fragmented ion mass spectrometry (SWATH MS) [77]. It
is a high throughput label-free proteotyping technique
applied in the mass analysis of every precursor ions
found within narrow isolation windows. The precursor
ions are fragmented over pre-selected smaller ranges of
precursor m/z ratio range. All precursor ions enter
sequentially the collision cells before reaching the final
mass analyzer.

Due to the highly complex and convoluted DIA MS/MS
spectra, it is difficult to interpret for peptide identification
by conventional database searching tools without pre-
processing. Instead the data analysis mainly relies on a
prior knowledge information derived from fragment ion
spectra of the targeted peptides. Commonly, there are
two primary ways to interpret MS DIA data: (1) peptide-
centric analysis (library query targeted analysis
methods) and (2) spectrum-centric analysis (library-free
approaches) [78]. Peptide-centric analysis needs a
prior-knowledge information “peptide query parameters
(PQPs)” stored in a spectral library. The library contains
information of each targeted peptide consists of
precursor m/z, peptide sequence of fragment ions,
highly confident fragmented ions, and their relative
intensity, and the normalized retention time. A high-
quality and comprehensive spectral library is required
for MS label-free identification and quantification. The
Due to the highly complex and convoluted DIA MS/MS
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spectra, it is difficult to interpret for peptide identification
by conventional database searching tools without pre-
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Figure 2. Data Independent Acquisition. In the figure all
precursors produced in MS1 full scan will undergo MS/MS
fragmentation in a sequential narrow m/zisolation windows 1,2
and 3.

processing. Instead the data analysis mainly relies on a
prior knowledge information derived from fragment ion
spectra of the targeted peptides. Commonly, there are
two primary ways to interpret MS DIA data: (1) peptide-
centric analysis (library query targeted analysis
methods) and (2) spectrum-centric analysis (library-free
approaches) [78]. Peptide-centric analysis needs a
prior-knowledge information “peptide query parameters
(PQPs)” stored in a spectral library. The library contains
information of each targeted peptide consists of
precursor m/z, peptide sequence of fragment ions,
highly confident fragmented ions, and their relative
intensity, and the normalized retention time. A high-
quality and comprehensive spectral library is required
for MS label-free identification and quantification. The
spectral library is built from actual MS experiments in
DDA mode acquisition and processed in a software like
Maxquant [79] and Spectronaut [80] to generate a
database of mass spectra. To achieve a normalized
retention time, a set of shared endogenous or synthetic
spike-in peptides such as the indexed retention time
(iRT) are spiked in sample for accurate prediction of
peptide retention time. This creates MS datasets with
consistent, comprehensive and validated digital map of
the entire proteome. False discovery rates are set to
control the propagation of errors in MS analysis [81].
Some organism scale spectral libraries or are now

publicly  available include @ Homo  sapiens,
Methylobacterium extorquens (strain PA1), Drosophila
melanogaster,  Solanum  lycopersicum and

Streptococcus pyogenes to mention a few [82]. To date,
spectral libraries are continuously being expanded to
include other organisms and specific human tissues to
achieve deeper proteomic coverage.
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As DIA is widely being used at present in MS data
acquisition simultaneous development of software tools
aided by artificial intelligence (Al) are also in progress.
Common software like OpenSWATH [83], Skyline [78],
and MSPLIT-DIA [84] have enabled processing and
simplified the analysis of highly convoluted SWATH-MS
data. On the other hand, PQPs information can also be
computationally predicted in silico spectral libraries by
using deep neural networks to predict MS/MS spectrum,
retention time, and fragmention intensity. These in silico
spectral libraries are used to interpret DIA data in deep
learning methods such as DeepMass [85], Prosit [86],
and DeepDIA [87]. These peptide-centric analysis
approaches are sensitve and have more
comprehensive DIA data than what is normally found in
sample-specific generated spectral libraries. However,
they limit peptide identification only to analytes found
present in silico libraries. Thus, tools designed to detect
peptides from DIA data without libraries will soon be
introduced.

In spectrum-centric analysis, DIA spectra are most
commonly interpreted using classical database search
strategies [88]-[90]. This approach detects precursor
ion chromatographic features and deconvolves the DIA
fragments into pseudo-MS/MS spectra, which can then
be directly searched with the traditional sequence
database. Current spectrum-centric analysis DIA data
software tools include Pulsar in Spectronaut[80], Group-
DIA [91], PECAN [92], PEAKS [87], and DIA-Umpire
[93]. However, these library-free based tools are not as
sensitive as the library-based approaches [94], although
these strategies have its advantages in identifying new
peptide variants in DIA data sets. Further, spectrum-
centric library-free search has demonstrated its potential
in identifying novel peptides. To date, most published
studies are still using the spectral library-based targeted
extraction approach [94].

E. Proteomics for breast cancer molecular
subtyping

Biomarkers have tremendously increased over the past
decades, due to the advancement of high-throughput
platforms for investigating the molecular characteristics
of tumor tissue biopsies. With powerful bioinformatics
tools integrated to aid in breast cancer research, it
enabled us to further dissect the tumor to its molecular
level and expand the spectrum of breast cancer
subtypes. Microarray-based gene expression profiling
has helped in determining breast cancer from its
histopathologic type to its molecular subtype [95].
Today, ER+ and ER- breast cancer subtypes are
considered as different diseases and are treated
depending on the presentation of significant biomarkers
[96]. Due to these development in genomics research
on breast cancer biomarkers, The Cancer Genome
Atlas (TCGA) Network has refined subtypes of breast
cancer based from the extensive profiling of protein
expression levels, microRNAs, and DNA gene
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mutations [97]. The molecular subtypes luminal A,
luminal B, HERZ2-enriched, and basal-like breast
cancers (Table 1) are undergoing paradigm changes at
the molecularlevel to help in the modernization of breast
cancer treatment [97].Early proteomic studies of clinical
breast tumor samples got low proteome coverage yield
fromlow cohort sizes. Rezaul et. al, have identified about
1000 proteins from each of the 6 patient samples from
which they found more than 200 differentially expressed
proteins between the ER+ and ER- breast cancer
tissues. Their study discover the potential biomarkers
Fascin, death-associated protein 5, Iprin-a1, and 3-
arrestin 1 specifically found expressed only in the ER-
negative subgroup [98]. Cha et al., studied 18 breast
cancer samples of different subtypes and detected 298
significantly changing proteins that are associated to the
transitional changes from the normal epithelial tissue
conditions to a highly invasive malignant tumor. In their
work, they found several proteins which are involved in
alterations of downstream transcription factors (TFs)
affecting regulatory pathways in breast cancer which
can be used distinguishes malignant tumor from
matched normal tissues [99].

With ongoing improvement in MS technologies, sample
preparation, and bioinformatics tools have extended MS
capacity to analyse larger cohort sizes. These
developments led to improve both quality and quantity of
proteomic data. In the lab of Liu et al., they made use of
laser capture microdissection—nanoscale LC-MS/MS
approach to study fresh frozen paraffin embedded
breast tissues from 126 TNBC breast cancer samples.
They were able to quantify about 3500 proteins, and
identified 10 upregulated- potential protein biomarkers
for novel therapies of distant metastatic TNBC. The
study found that these proteins are involved in cell
metabolism, cell death, immune response, transport of
macromolecules, and biological processes linked to
cancer progression. These proteins are apoptosis-
inducing factor 1, mitochondrial (AIFM1), AP-1 complex
subunitgamma-1 (AP1G1), AP-1 complex subunit mu-1
(AP1M1), F-actin-capping protein subunit beta
(CAPZB), UMP-CMP kinase (CMPK1), catenin alpha-1
(CTNNA1), echinoderm microtubule-associated
protein-like 4 (EML4), ferritin heavy chain 1 (FTH1),
GANAB, , and syntaxin-12 (STX12) [100].

De Marchi et al., profiled ER+ breast cancer patients, by
comparing primary tumors with and without lymph node
involvement to their matched normal noncancerous
tissues. Their study contributed to the understanding of
important functional insights of proteins expressed
among the ER+ tamoxifen resistant population. The
analysis has obtained more than 9000 proteins, where
they were able to identify fourimportant proteins namely,
cingulin (CGN), Ras GTPase-activating protein-binding
protein 2 (G3BP2), the programmed cell death protein 4
(PDCD4), and ovarian carcinoma immunoreactive
antigen domain-containing protein 1 (OCIAD1).
They  suggested these to be potential
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biomarkers in predicting prognosis for the tamoxifen-
susceptibility in recurrent breast cancer [101].

Tyanovaetal., used SILAC MS labelling approach in the
analysis of luminal ER+, HER2+, and TNBC tumor
subtypes. Their team used support vector machine
(SVM)-based classification for the 10,000 protein
groups they identified from 40 tumor tissue samples.
The functional proteomic profiles from theses samples
were able to distinguish one subtype from another such
as proteins related to cell growth, cell—cell
communication energy metabolism, and mRNA
translation. From this analysis, they identified 19
specific proteins to differentiate between the breast
cancer subtypes [102].

Some studies have found integration of genomics and
proteins effective in breast cancer subtyping. The
Clinical Proteomic Tumor Analysis Consortium
(CPTAC) breast cancer study with 77 breast cancer
samples from the TCGA cohort [103] accurately
quantified a total depth of about 11,000 proteins from
combined method of iTRAQ labelling approach and
fractionation of samples. Comparison between the
intrinsic breast cancer subtypes with the mRNA
intrinsic subtypes found relatively similar abundances in
the hormone receptors ER, PR, and HER2,
phosphatidylinositol 4,5-bisphosphate 3-kinase
catalytic subunit alpha isoform (PK3CA), GATA-binding
3 (GATAZ3), and cellular tumor antigen p53 (p53). They
were also able to show an unsupervised clustering of
samples based on the proteomic level and identified
these into three main clusters — luminal enriched, basal
enriched, and stromal enriched. Their findings revealed
that very similar subtype-defining features can be
observed in both RNA-seq and labeled MS protein
analysis although different tissue sections of the same
tumors were used [103].

Johansson et al., by applying nanoLC-MS/MS method
have accurately identified about 14,000 proteins, and
13,000 genes [104]. From these data 9995 of these
genes identified across all 45 breast cancer samples
were used for unsupervised clustering and arrived at 6
distinct proteome-based consensus core tumor clusters
(CoTC). These clusters were closely associated to
previously determined subtype in 50 transcripts
(PAM50). Using the PAM50 subtyping, the clusters
identified are CoTC1 and CoTC2 (basal-like tumors),
CoTC3 (luminal A), CoTC4 and CoTC6 (dominated by
luminal and HER2+ tumors), and CoTC5 (normal-like
breast cancer). On the other hand, the depth and quality
of proteome profiling of these clusters led to identify
novel immunohistochemical biomarker candidates can
help achieve better patient stratification approach to
treatment. Moreover, their discovery also identified the
link between tumor extracellular matrix composition to
immune cell infiltration to prognosis, established a
proteome-based framework for assessing prognosis,
and discovered neoantigens to improve breast cancer
therapies [104].
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Bouchal et al. used SWATH-MS to analyze 96 breast
cancertissues and cell lines. . In their method, a spectral
library was generated from breast cancer tissues and
cellslines as a prerequisite to their breast cancer sample
analysis [105]. In their findings they were able to identify
about 2,800 protein groups, observed differences over
the intrinsic breast cancer tumor subtypes, and
discovered a greater depth of proteome variability
between different breast cancer subtypes. Three
differentially expressed proteins are considered to
contribute strongly to improve the present breast cancer
classification including CDKA1, inositol polyphosphate 4-
phosphatase type Il (INPP4B), and ERBB2. Among the
proteins found in the datasets, these proteins have
shown the strongest correlation at the protein and
transcript levels. This study was able to generate the first
and only breast cancer spectral library, along with other
proteomic datasets, have provided abundant sources of
information for potential biomarkers research in breast
cancer [105].

Rare breast cancer subtypes like mucinous carcinoma,
cribform carcinoma and tubular carcinoma respond well
to few endocrine therapies. Most of the endocrine
responsive subtypes usually belong to luminal A
subtypes and achieve good prognosis even without
neoadjuvant  chemotherapy [106]. However, the
following rare subtypes namely metaplastic, apocrine,
adenoid cystic and medullary do not have good
prognosis to endocrine therapies [107]. Although there is
a small proportion of patients under these categories the
chance to find specific biomarkers for these rare breast
cancer subtypes is possible in the near future. Table 3,
presents these current findings in summary.

F. Recent breast cancer biomarkers discovery by
different MS based technologies

Mass spectrometry applied in breast cancer research
has led significant findings of proteins. Blood serum of
breast cancer patients was analyzed in tandem mass
spectrometry and the study revealed protein disulfide
isomerase family A, member 3 (PDIA3) as minimally
invasive protein markers for breast cancer. PDIA3
participates in the formation of the major
histocompatibility complex (MHC) class | peptide
loading complex which is involved in the formation of
antigens. PDIA3 was also found in MCF-7 breast cancer
cell line and patients with metastatic breast cancer[108],
[109] having high expression. The elevated
concentration of PDIA3 is primarily due to the cell’s
response to stress at breast cancer state. In other
findings, they discovered that such high expression of
PDIAS3 is correlated to TP53 gene mutation and high
expression of Ki-67 antigen, which are all known to
enhance proliferation of cancer cells and growth [109]—
[111]. Furthermore, individuals that have TP53 germline
mutation are found to be at higher risk for early-onset

breast cancer [112]. A study among Malaysian women
was able to use the same MS approach and found novel
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proteins that are differently expressed in either stage 2
or stage 3 breast cancer cohorts only [113]. The stage

Table 3. Potential protein biomarkers for breast cancer
molecular subtyping

Proteins
differentially | Significant findings
expressed

Proteins No. of

quantified | sample Reference

Potential biomarkers
for ER- BC - fascin,
death-associated [98]
protein 5, Iprin-a1,
and B-arrestin 1
Proteins involved in
alterations of
downstream
transcription factors
(TFs) in malignant
tumor tissues
(AIFM1), (AP1G1),
AP1M1), (CAPZB),

1000 6 200

18 18 298 9]

E
(CTNNAY1), (EML4), [100]
(FTH1), GANAB,
(8TX12) were found
on distant metastatic
TNBC
(CGN), (G3BP2),
(PDCD4), and
(OCIAD1). are
potential biomarkers [101]
for the tamoxifen-
susceptibility in
recurrent BC
Developed SVM
based BC subtyping
Proteomic analysis
was comparable to [103]
mRNA BC subtyping
Identified CoTC for
BC subtyping,
comparably similarto | [104]
PAM50 gene
subtyping
CDK1, (INPP4B),
and ERBB2 are
strongly correlated at
3 the protein and [109]
transcript levels in
BC

3500 123 10

9000 38 4

10000 40 19 [102]

11000 7

14000 45 9995

2800 96

2 breast cancer tumor when compared to its normal
adjacent tissue shows to have high expressions of the
prolyl 3-hydroxylase 1 (P3H1), transmembrane
emp24 domain-containing protein 10 (TMED10),
peptidyl-prolyl cis-trans isomerase FKBP10
(FKB10), peptidyl-prolyl cis-trans isomerase FKBP9
(FKBP9), immunoglobulin superfamily containing
leucine-rich repeat protein (ISLR), MOB kinase
activator 1A (MOB1A), protein enabled homolog
(ENAH), collagen alpha-1(V) chain (COL5A1), CAP-
Gly domain-containing linker protein 1 (CLIP1),
protein canopy homolog 4 (COL4A1), perilipin-4
(PLIN4), and zinc finger CCCH domain-containing
protein 18 (C3H18). These proteinsin the stage 2 breast
cancer tumor tissues are involved in many signaling
pathways linked to invasion, proliferation, and migration.
Protein found significantly expressed in the stage 3
breast cancer tumor includes TAR DNA-binding
protein 43 (TADBP), V-type proton ATPase subunitE
1 (VATE1), eukaryotic peptide chain
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release factor subunit 1 (ETF1), nucleoside
diphosphate kinase 3 (NME3), deoxynucleoside
triphosphate triphosphohydrolase SAMHD1
(SAMH?1), protein SEC13 homolog (SEC13), protein
enabled homolog (ENAH), DNA-dependent protein
kinase catalytic subunit (PRKDC), golgi resident
protein (GCP60), transmembrane glycoprotein NMB
(GPNMB), rho GTPase-activating protein 1 (RHGO01),
LEM domain-containing protein 2 (LEMD2),
prefoldin subunit 1, coiled-coil domain-containing
protein 58 (CCCDS58), inhibitor of nuclear factor
kappa-B kinase-interacting protein (IKIP), MOB
kinase activator 1A (MO1A), and MOB kinase
activator 1B (MOB1B). Several among these proteins
in the stage 3 breast cancer tumor tissues are found to
function in supporting metastasis. Going for smaller
quantities, a nanoLC-MS/MS technology was used in
another study and revealed that EGF-like repeat and
discoidin I-like domain-containing protein 3 (EDIL3) was
elevated in the circulating extracellular vesicles [114].
The protein was observed to have a critical role in the
integrin-FAK signaling cascade. When EDIL3 is
inactivated in the MDA-MB-231 breast cancer cell lines
integrin-FAK signaling pathway was also suppressed.
The inactivity of EDIL3 resulted in controlling
intracellular signal transduction which minimizes
potential cellular invasion.

Phosphorylation of proteins is involved in the regulatory
process in cells for proper functioning to occur.
Phosphoproteins from biofluids are considered in many
related studies as potential biomarkers for breast
cancer. However, it is very challenging to find them in
their native forms since they are usually denatured due
to the presence of phosphatases. This is also the reason
why perhaps most phosphoproteins are never detected
thateasy [115]. Butin arecent study of Chen, et.al., they
have successfully presented in their study a strategy to
discover these phosphoproteins in human plasma by
isolating them first from extracellular vesicles (EV)
instead [115]. SILAC method was also employed in
another phosphoproteomic study of kinase suppressor
of ras-1 (KSR1) regulated phosphoprotein isolated from
MCEF-7 celllines [116]. KSR1 phosphoprotein belongs to
the RAF family of pseudokinases which is considered to
play prominent roles in breast cancer growth. In the
laboratory, KSR1 was observed to activate B-Raf
(BRAF) proto-oncogene catalytic activity upon the
binding of the formed protein complex between KSR1
and mitogen-activated protein kinase (MEK). BRAF
upon activation is directly involved in many cellular
regulatory processes including cell proliferation and
regulation of transcription. A mutant BRAF gene also
results to a malfunctioning protein B-raf and has been
implicated in several cancer studies including breast
cancer [117]. In a study done by Jiang et al.,
MDA-MB-231 metastatic breast cancer cell lines were
labeled by iTRAQ [118] to study the properties of
Ras-related protein Rab-1B (RAB1B).
Mechanistically, it was found that a down-
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regulation of RAB1B in cell lines activated TBR signaling
pathway causing the expression of TGF-B receptor 1
(TGFBR1) protein levels to be elevated. Though little is
known about TGFBR1, one study supported it role as a
tumor suppressor in the early stages of breast cancer,
yet ironically it is also the same oncoprotein that may
promote growth of tumor among invasive breast cancer
patients [119]. In another study that also used iTRAQ
was able to profile metastatic breast cancer tissues and
revealed that decorin (DCN) and the heat shock protein
90 beta family member 1 (HSP90B1) as potential breast
cancer biomarkers. DCN and HSP90B1 were both
associated in biological pathways related to
tumorigenesis promoting cell proliferation, migration,
and transcription. DCN'’s oncogenic role was found
related to tumor microenvironment showing significant
interactions with  EGFR and MAPK. HSP90B1
overexpression was best illustrated in a study of Huang,
et al employing proteogenomics integration. They
suggested that genomics alone with proteomics
diagnosed by MS is not enough to show some of the
phosphoprotein events that are involved in the
regulatory events in the cell. Both DCN and HSP90B1
proteins are continuously being investigated at the gene
and protein levels to study their roles in promoting tumor
invasion and metastasis especially among TNBC
patients [118]. At present, these oncoproteins are also
considered indicators for poor breast cancer prognosis.
The study of Lawrence et al., combined proteomics with
genomic aberrations affecting protein expression [124].
They successfully discovered potential biomarkers for
drug sensitivity screening based on combining the
strengths of these two methods [124].

TMT can also be effective with enrichment protocols for
deeper phosphoproteome analysis. Using 6-plex TMT,
Chen et al., incorporated MS approach in their drug
discovery study to investigate the expression inhibition
effect on the C-X-C chemokine receptor type 4 (CXCR4)
by the ginsenoside Rg3, a compound extracted from
Panax ginseng [120]. MDA-MB-231 cell line treated with
ginsenoside Rg3 peptides were labeled with 6-plex
TMT. The mixture was divided into fractions and each
fraction subjected to TiO,-based phosphopeptide
enrichment before the LC-MS/MS analysis. The protein
analysis showed that the Rg3 protein were found to
display an inhibitory effect against CXCR4 and targets
the anti-inflammatory nuclear factor-kB signaling
pathway [121]. These findings suggested that
ginsenoside Rg3 have chemopreventive properties that
may control metastasis of breast cancer cells.

Staging breast cancer is another interesting aspect for
proteomic study. In the lab of Lobo et. al., they
investigated using DIA label-free MS method to
analyze protein expression from patient blood samples
at different breast cancer stages. Three specific proteins
were found to have varied expressions at different
stages of breast cancer. These proteins are clusterin,
apolipoprotein A-ll (APOA2), and apolipoprotein C-
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Il (APOC3). These proteins play important roles in
alterations related to protein glycosylation, progression
and invasiveness of breast cancer [122]. Aside from
tissues and blood samples, some studies made use of
urine to detect biomarkers in label-free MS analysis. In
the study of Beretov et al., successfully identified 13
proteins from urine for its potential utility to detect
preinvasive breast cancer stage to metastatic breast
cancer stage among DCIS patients [123]. The novel
proteins they discovered from the tissue samples
include cytosolic non-specific dipeptidase (PEPA),
multimerin-2 (MMRNZ2), neuronal growth regulator 1
(NEGR1), leucine-rich repeat-containing protein 36
(LRC36), microtubule-associated serine/threonine-
protein kinase 4 (MAST4), keratin, type | cytoskeletal
10 (K1C10), uncharacterized protein C9orf131
(CI131), uncharacterized protein C4orf14 (CD014),
filaggrin, dynein heavy chain 8, axonemal (DYH8),
hemoglobin subunit alpha (HBA), AGRIN, and
fibrinogen alpha chain (FIBA). From this list, they
tested their hypothesis only against MAST4 to validate
the protein profile in both tissue and urine samples. The
result of their study was able to detect the protein
biomarkers in both body derivatives.

These are just some of the many on-going research that
are exploring the application of various MS techniques
and strategies that will lead to the discovery of novel
protein tumor biomarkers for breast cancer. It is
important to note that at this rate, mass spectrometry-
based research is going very fastin integrating label-free
MS methods together with library free computational
tools approach to drive it workable utility in the clinical
setting.

CONCLUSIONS AND FUTURE DIRECTIONS

The high throughput proteomic methods applied in
cancer research have been evolving dramatically at an
increasing pace. The majority of these protein profiling
studies exhibit promising diagnostic, prognostic or
predictive values in controlling and mitigating breast
cancer. More study is in place to unravel breast cancer’s
nature, molecular features, and tumor biology to explain
its uncontrolled growth and development. By using mass
spectrometry and its computational tools for
identification and quantitation it would not be long that
soon this method would completely be used for clinical
applications.

At present, breast cancer intrinsic protein biomarkers
are routinely measured primarily by IHC using antibody-
based techniques or by genomic-based test. Although
both- mRNA extraction kits require highly specific
antibodies, genetic tests are also costly and are often
effective only to patients expressing hormone receptors.
IHC may also see some issues wherein the
immunoreactivity can be compromised because of post-
translational modifications of the proteins. Furthermore,
without quantifiable biomarkers like in the case of the
TNBC subtype, it would be challenging to come up with
an exact regimen for medical treatment.
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Today, mass spectrometry has seriously been
reengineered to full capability to analyze down to
nanoparticle size samples at high throughput. The
instrument and software developed for database search
and analysis has remarkably enabled us to investigate
in-depth breast cancer more effectively. It was also
noted earlier, that there are different proteins involved in
the development ofthe mammary gland, but very few are
published about the proteomic landscape of breast
cancer patients from young, premenopausal, to
postmenopausal adults. Also, staging has been noted to
be well studied even in mass spectrometry, but the
proteomic profile accounting for breast cancer grades
has not been well studied using this approach. These
missing links in the biology of breast cancer may soon
unfold especially with updated databases uploaded in
the human proteome atlas (HPA) [124]. This open-
access online platform is an advantage for researchers
to explore the properties and functions of every protein.
The HPA database includes a list of about 17000 unique
proteins, 26000 antibodies, protein cellular locations,
functions, cellular processes, and disease associated
proteins including those involved in breast cancer [124].
The information in this database was mostly acquired
from mass spectrometry-based proteomics data
acquisition, other omics-based technologies and a
variety of immuno-based methods. With new
information that MS technology can derived, more novel
proteins are to be found and mapped to networks and
pathways associated to breast cancer development and
use them for effective drug design and therapy.
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Abstract: Accurate humanleukocyte antigen (HLA) typing is crucial for allogeneic dendritic cell anti-cancer vaccination,
where at least a seven out of eight HLA match to the medium resolution allele level is required. Molecular methods can
provide medium to high resolution typing but are expensive and time-consuming. A modified method to facilitate faster and
more efficient medium resolution identity matching for some common alleles in Filipinos was developed using real-time PCR
with melt-curve analysis. The most common Filipino HLA Class | alleles identified from available databases were: A*02, A*24,
B*15and C*07. Primers specific to these alleles were designed. DNA were extracted from 17 de-identified unstimulated stem
cell specimens from the Molecular Diagnostics and Cellular Therapeutics Laboratory of the Lung Center of the Philippines
(MDCTL-LCP). Comparison of the melt-curve profile was able to determine some degree of HLA allele identity. Distinct
alleles from the samples that were identified through sequencing were A*03:01 and C*07:32. Higher resolution typing was
not possible for some alleles due to highly similar sequences in the amplified region. The study thus explored the use of real-
time PCR and melting curve analysis in describing some common HLA Class | alleles in Filipinos. Further replication and
more specific primers will be needed to establish the melting curve profiles for HLA identification use.

Keywords: allogeneic dendritic cell vaccine; HLA Class | typing; real-time PCR with melt-curve analysis; A*03:01
and C*07:32 alleles

1. INTRODUCTION

Human Leukocyte Antigens (HLA) are cell surface
proteins that present antigenic peptides to generate
immune defense reactions (Choo, 2007; Cruz, 2017).
The HLA loci are the most polymorphic genes presentin
the whole genome, which ensure that few individuals are
highly similar, and that the population is well-equipped to
deal with all types of immune attacks (Choo, 2007).
There are two classes of HLA based on their structure
and function: HLA Class | and Class Il. Class |
molecules, the mostcommon ones being HLA-A, -B, and
-C, are expressed on virtually all nucleated cells,
whereas class Il molecules, which include HLA-
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DR, -DQ and -DP, are only expressed on “immune
competent” cells, such as dendritic cells, B lymphocytes,
and macrophages (Allard et al., 2014; Leddon et al.,
2010).

HLA typing is primarily performed to prevent graft
rejection and graft vs. host disease, which can happen
when HLA types do not match during cell or tissue
transplantation (Choi et al. 2009). There are two main
categories of HLA typing: serological-based and
molecular-based (Paunic et al., 2012). HLA typing by
serology is the oldest and most common method in
routine clinical setting (Erlich et al., 2012). However,
serology may be unreliable and only provides low
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resolution typing, which will give a limited detection of
HLA polymorphism (Erlich et al., 2012). With the
development of molecular techniques, medium to high
resolution methods of HLA typing are now available
(Paunic et al., 2012). Molecular techniques, or DNA-
based histocompatibility testing, utilize the polymerase
chain reaction (PCR) which is the general method used
to amplify specific regions of DNA.

The most common PCR-based HLA typing techniques
include sequence-specific oligonucleotide probes
(SSO), sequence-specific primers (SSP), and
sequence-based typing (SBT) (Perng, et al., 2012).
PCR-SSO is a relatively a high-throughput and
inexpensive method, and is usually used for large-scale,
low-resolution HLA allele analysis. SSP provides
medium to high resolution and is typically used on
samples that have failed to be analyzed by SSO, since
it is more expensive and not ideal for many samples.
SBT has the highest resolution and is the only way to
directly sequence and identify new alleles, although it is
also the most expensive. Real-time PCR is now also
being used in HLA typing since it involves minimal
hands-on time and thus subject to less human error, is
less expensive compared to other methods, and does
not require post-PCR processing, therefore reducing the
risk of contamination (Gersuk & Nepom, 2006). SBT is
regarded as the gold standard in HLA typing (Perng, et
al., 2012).

Anti-cancer vaccination using peptide-pulsed dendritic
cells depends on the interaction of the HLA molecule and
the corresponding epitope. Accurate HLA-typing is
therefore very crucial for successful anti-cancer
vaccination, especially in the case of allogeneic
vaccination forimmunocompromised patients, where at
least a seven out of eight HLA match to the medium
resolution allele level is required. Furthermore,
characterization and classification of HLA molecules
into superfamilies or supertypes in terms of peptide-
binding specificities is valuable for the development of
anti-cancer vaccines. Previous studies have used
bioinformatics to perform hierarchical clustering and
principal component analysis to classify HLA class | and
class Il alleles into such supertypes (Doytchinova et al.,
2004). In this study, a method to facilitate faster and
more efficient medium resolution identity matching for
some common alleles in Filipinos using real-time PCR
with melt-curve analysis was explored. Using available
databases for primer design, DNA from de-identified
unstimulated stem cell specimens from the Molecular
Diagnostics and Cellular Therapeutics Laboratory of the
Lung Center of the Philippines (MDCTL-LCP) were
evaluated thru real-time PCR assay with melt-curve
analysis and HLA identification was validated through
sequencing.

2. METHODOLOGY

2.1 Samples and DNA extraction
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Previously extracted DNA (following DNeasy Blood and
Tissue Extraction Kit protocol) from 17 de-identified
unstimulated stem cell specimens were obtained from
the MDCTL-LCP. The specimens were derived from
stored samples of patients under the stem cell
therapeutics program of the Lung Center of the
Philippines, who accomplished informed consent forms
(ICF) specifying that their blood samples, particularly
unstimulated stem cells (USCs) and dendritic cells, will
be collected and separated following established clinical
protocols for collection from the bone marrow, adipose
tissue or through leukapheresis, and stored for an
indefinite amount of time in a cryolocator containing
liquid nitrogen. Access to the samples are limited to the
physicians and members of the MDCTL-LCP project
team, with no information regarding the identity of the
patient to be disclosed. The ICF includes use of the
specimens for the conduct of research that are either
basic or applied, with the goal of improving LCP’s
molecular diagnostics and therapeutics program.

2.2 Primer Design

Selection of supertypes. The most common alleles for
the Filipino population were obtained from the dbMHC
database (https://www.ncbi.nlm.nih.gov/gv/mhc/). Their
corresponding supertypes were then identified using the
classification system of Doytchinova et al. (2004).

Primer design. Primers specific to the chosen alleles
were designed using Primer-BLAST with standard
settings (https://www.ncbi.nIm.nih.gov/tools/primer-
blast/index.cgi) (Ye et al., 2012). Primers with amplicon
lengths around 200 bp (range: 178-220) were selected
arbitrarily for its intended use for real-time PCR, as
longer lengths do not amplify as efficiently (Smith and
Osborn, 2009). The primers were made to amplify exon
2 or 3 of the selected HLA allele, since these are the
regions known to contain the most polymorphisms (total
length of alleles ~1000 bp). Alleles were aligned using
the IMGT/ HLA database (https://www.ebi.ac.uk/ ipd/
imgt/hla/index.html) (Li et al., 2015). The designed
primer sequences and amplicon lengths are found in
Table 2. Primers were also cross-checked through the
NCBI database to ensure that there it will not amplify
other regions in the genome.

2.3 Optimization of the Real-Time PCR Assay

DNA amplification and real-time analysis. The optimized
PCR mix (QuantiTect SYBR Green PCR Kit cat. No.
204141) with total volume 20 pL is composed of 10 L
reaction mix, 0.75 uL each of the forward and reverse
primers, 4.5 pL deionized water, and 4 pL DNA.
Optimized PCR conditions include 15 min initial
denaturation at 95°C, followed by 40 cycles of 5 sec
denaturation at 94°C, 10 sec annealing at 55°C and 20
sec extension at 72°C. The minimum DNA template
concentration used for amplification was 30 ng/uL. Cut-
off Ct value based on the no-template GAPDH control
was 32.94. There were no replicates done due to limited
sample volumes. Housekeeping primers used were
GAPDH forward, 5-ACCCACTCCTCCACCTTTG-3;
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and GAPDH reverse, 5-CTCTTGTGCTCTTGCTGGG
-3’ (Cao, et al., 2008). The real-time PCR reactions were
performed using Rotor-Gene Q (2011 model) high
precision Real Time thermocycler by Qiagen.
Amplification was confirmed using gel electrophoresis.
Gel electrophoresis and extraction. Gel was run using
2.5% agarose in 1x TBE buffer, at 130V, 110A for 30 min.
Biotium Gel Red Nucleic Acid stain and Amresco ladder
EZ-Vision 100 bp were used. The concentration of
agarose (2.5%) was selected according to the range of
effective separation, since the lengths were around
200bp and differences were between 20-50bp. Gel
extraction was done using QlAquick Gel Extraction Kit.
DNA sequencing. Samples positive for amplification
from the melt-curve analysis that had clear bands were
gel extracted and sent to Macrogen, Korea for
sequencing. Duplicate samples from the leftover original
amplicon were also sent. No concentrating methods
were done for the gel extracted samples

2.4 Melt-Curve and Sequencing Results Analyses

Melt-Curve Analysis. Batch real-time PCR was
performed on 17 samples using 5 primer pairs, A*02,
A*24,B*15,C*07 and DRB*15. From the high-resolution
melt curve analysis, peak temperatures measured up to
second decimal place were not enough to distinguish
differentalleles as confirmed by subsequent sequencing
and were much more dependent on the amplicon length.
Melt-curve profiles were analyzed using Rotor-Gene Q
Series Software 2.1.0. Melt curve peak temperature is a
common parameter which may differ for every amplicon
and may be considered in analyzing melt curve profiles.
(Dwight et al., 2011; Bruzzone et al., 2013)

Sequencing Results Analysis. BLAST was performed
using the IMGT/HLA database. Pairwise sequence
alignments were performed using EMBOSS-Needle
version in 2016 (https://www.ebi.ac.uk/Tools/ psa/
emboss_needle/nucleotide.html), (Li et al., 2015) and
multiple sequence alignments using Clustal Omega
version in 2016 (https://www.ebi.ac.uk/Tools/ msa/
clustalo/) (Li et al., 2015).

3. RESULTS AND DISCUSSION

3.1 Selection of Supertypes

The dbMHC database provides the most data on allele
frequencies from a representative Filipino population.
The only study on Filipino alleles was from Erlich et al.,
2007, which provided a total sample size of 94. Only the
top three alleles in terms of frequency for Class | and
Class Il HLA were chosen for the study due to the
limitations in the budget. The alleles and their
corresponding supertypes chosen were: A*02 (A2),
A*11 (A3), A*24 (A24),B*15 (B27),C*07 (C1), DRB1*15
(DR1)and DQB1*05 (DQ1). Table 1 shows the selected
Class | and Il alleles, their frequencies, and their
corresponding supertypes.
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Table 1. Allele Frequencies for the Filipino Population
(Erlich et al., 2007).

Allele Frequency Supertype
(N=94)

A*02 0.106 A2

A*11 0.266 A3

A*24 0.383 A24

B*15 0.229 B27

c*07 0.362 C1
DRB1*15 0.452 DR1
DQB1*05 0.511 DQ1

3.2 Primer Design

After primer assessment and alignment in the IMGT/
HLA database, only widely spaced single mismatches
between closely related alleles were found. False
priming is unlikely even with the presence of 3'-end
mismatches (Lefever et al., 2013). Studies have shown
that mismatch specificity is only present during the first
few cycles (Lefeveretal., 2013; Liu, etal. 2012). Asingle
mismatch at the 3'-end has little or no impact on yield,
and there must be at least 4 mismatches to completely
block the reaction (Lefever et al., 2013; Liu, et al. 2012).

The study used high resolution melting curve analysis to
resolve this problem. The specificity in identity matching
will depend on the melt-curve profile and not on whether
there was an amplification or not.

Table 2. Designed Primers and Their Amplicon
Lengths

Allele Primer Sequence (5" > 3) Al;mplicon

A*02 F TTCTTCACATCCGTGTCCCG (1 9')9)
R GAGTCTGTGAGTGGGCCTTC

A*24 F TTTCTCCACATCCGTGTCCC 196
R CTGTGAGTGGGCCTTCACTT

B*15 F CCCAGTTCGTGAGGTTCGAC 178
R GCCTCGCTCTGGTTGTAGTA

c*07 F GGTCTCACACCTTCCAGAGG 169
R AACTTGCGCTGGGTGATCTG

DRB1*15 F TGGCAGCCTAAGAGGAAGTG 187
R CCTGCTCCAGGATGTCCTTC

DQB1*05 F TGTGCTACTTCACCAACGGG 220
R TACGCCACCTCGTAGTTGTG

3.3 Real-Time PCR Assay and Melt-Curve Analysis

Amplification was confirmed using gel electrophoresis,
which showed clear, distinct, single bands, as shown in
Figure 2. As can be seen, the amplicon lengths are
consistent with the expected lengths of ~200 bp, no
multiple bands are present, and all samples had
amplicons.
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Figure 1. Melting Curves of A*03:01 and C*07:302
showing identity upon superimposition with other
amplicons in a similar allele group. Top: melting curve of
A*03:01 (arrow) superimposed with other amplicons for
primer A*02; Bottom: melting curve of C*07:302 (arrow)
superimposed with other amplicons for primer C*07. All
other melting curves have inconclusive sequencing
results (see Appendix B for more details).

Previous studies have shown that melting curves have
different shapes for different specific sequences (Zhou,
et al. 2004; Reed and Wittwer, 2004). It is theorized that
DNA may be assuming an intermediate state during the
melting process, as regions of the amplicon that are
more stable do not melt immediately (e.g. G-C rich
regions) (Huguet et al., 2010).

All melt curves obtained showed unique profiles as seen
in Appendix A, suggesting thatthe HLA alleles of the 17
patient samples were all unique. Also, because of mis-
priming due to suboptimal PCR conditions, different
PCR products tend to have heterozygous sequences,
which can have significant effects on the shape of their
melt curve. This is consistent with the single bands seen
in the agarose gel electrophoresis.

3.3 Sequencing Results
The actual HLA alleles of the samples were not

previously identified, their PCR products were gel
extracted and sent for sequencing. Selected samples
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Figure 2. Sample agarose gel electrophoresis for
sample codes AA (top) and AB (bottom). Leftmost— 100
bp ladder. (top afterladder: AA: 2, 3,5,10,11, 15,18, 19,
21,22,27, 28, AB1,2; bottom after ladder: AB: 3, 10, 13,
16, 17, 21, 22, 24, 26, 27, 28, 31, 32)

with different melting peak temperatures were sent for
sequencing. After performing BLAST using the IMGT/
HLA database, HLA allele types to the medium-
resolution level were not identified for most samples,
despite clear non-overlapping chromatograms. There
have been inconsistencies with the sequences for some
samples (<75% pairwise sequence alignment identity
between forward and reverse sequences, and different
allele hits), which could reflect poor sample quality. (See
Appendix B) Many other samples were only identifiable
at the low-resolution level, i.e. only up to the HLA allele
group (e.g. HLA-A*02) vs medium resolution which also
identifies the specific HLA protein (e.g. HLA-A*02:101).
Although % identity for the top hit results from available
sequences in the BLAST database were generally high
(>90%), specific HLA proteins either could not be
identified or there were multiple hits within the same
allele group, rendering the results to be inconclusive.
This may be due to some alleles having almost perfectly
similar sequences in the amplified region, considering
the amplicon lengths were all less than 200 bp, which
shows some weakness in the primer design.
Heterozygous sequences were also seen in some
chromatograms. Although multiple sequence alignment
showed conserved regions, the primers were not
specific enough to be used for sequence-based typing,
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and therefore the samples will need to be typed using
another method as a standard. On the other hand, there
were two alleles identified at the medium-resolution level
using this method, A*03:01 and C*07:302. Figure 1
shows their specific melt curve profile.

With further validation through replication and
resequencing using other positive controls, while
keeping other factors such as DNA template
concentration and purity constant, this method can be
used as a tool for possible HLA typing of allogeneic cell
therapy specimens.

4. CONCLUSION AND RECOMMENDATIONS

The study explored the use of real-time PCR and melting
curve analysis in describing some common HLA Class |
alleles in Filipinos. A real-time PCR assay for six
selected HLA alleles was optimized. However, only 2 out
of 17 samples were identified at the HLA allele and
protein level, namely, HLAA*03:01 and C*07:302, which
were confirmed by sequencing. This may be due to
highly similar sequences in the amplified region and
heterozygous amplification. More specific primers may
be designed to address this problem. Melt-curve peak
temperature alone is not enough to differentiate HLA
alleles so the actual profiles may need to be compared.
The findings in this study will need further validation
through replication and sequencing to establish the
melting curve profiles for HLA identification use.
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APPENDIX A. RAW MELTING CURVE PROFILES

Primer A*02, 17 samples

S Ty e

Primer C*07, 16 samples i

Primer A*24, 17 samples
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Primer B*15, 17 samples
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APPENDIX B: SEQUENCING SUMMARY DATA

Primer  Sample Length  MeltPeak % Identity Top Hit
(DNA¥) Temp

A*02 AA1 173 89.25 100 Axx
(3) 171 100 A03:01
AA2 17 89.6 100 A02x
(1) 168 100 AD2x
AA3 145 88.9 100 A24:29
(11) 165 100 Axx
AA4 147 894 100 A24x
(16) 167 100 A03:01
AA1T 190 89.25 95 A02x
(17) 174 94 A02x
Y1 150 89.6 100 A24x
(2) 169 100 A03x
Y2 145 89.65 100 A24x
(8) 170 100 Axx

A*24 AA10 183 89.1 93 AD2x
(10) 173 97 A02:01
Y3 144 89.6 100 A24x
(2) 164 97 AB8:142
Y4 144 89.85 99 A24x
(8) 164 99 A24x

B*15 AB3 100 872 97 B27:109
(1) 156 93 B37.06
AB13 68 87.85 96 Cxx
(6) 151 98 Gxx
AB14 63 87.35 97 Bxx
(3) 145 92 Bxx
Y5 100 871 XXX XXX
(2) 153 95 B37:52
Y6 100 87.15 XXX XXX
8) 163 96 Bxx

c*07 AB21 144 88.1 100 Bxx
(11) 100 XXX XXX
AB22 145 88.36 100 CO7x
(10) 144 100 C07:302
AB24 100 89.11 98 Axx
7 141 99 A03:95
AB31 143 87.85 100 Cxx
(19) 141 97 CO04x
AB32 100 87.95 96 Bxx
(18) 100 XXX XXX
Y7 143 87.75 100 B40x
2) 145 95 C04x
Y8 141 876 100 CO08x
(8) 143 98 CO08x

Note:

Top Hit: Sequence similarity top hit from

database (top: forward, bottom: reverse)

x: specific HLA protein could not be identified
xx: HLA group could not be identified
xxX: no significant matches found

% identity: percent extent to which the sample sequence and the top
hit sequence have the same alignment residues (top: forward, bottom:

reverse)

PJBMB
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APPENDIX C: SEQUENCES

AA1
(FYGGNNNGGNANCGCTTCTCGCCGTGGGCTACGTGGACGACACGCAGTTCGT
GCGGTTCGACAGCGACGCCGCGAGCCAGAGGATGGAGCCGCGGGCGCCGTG
GATAGAGCAGGAGGGGCCGGAGTATTGGGACCGGAACACACGGAATGTGAAG
GCCCACTCACAGACTACCAC
(R)IGTTTCTTCACATCCGTGTCCCGGCCCGGCCGCGGGGAGCCCCGCTTTATC
GCCGTGGGCTACGTGGACGACACGCAGTTCGTGCGGTTCGACAGCGACGCC
GCGAGCCAGAGGATGGAGCCGCGGGCGCCGTGGATAGAGCAGGAGGGGCC
GGAGTATGACCGAANCCNGN

AA2
(FYGNNNGGNGGGAACGCTTCTCGCAGTGGGCTACGTGGACGACACGCAGTTC
GTGCGGTTCGACAGCGACGCCGCGAGCCAGAGGATGGAGCCGCGGGCGCCG
TGGATAGAGCAGGAGGGTCCGGAGTATTGGGACGGGGAGACACGGAAAGTG
AAGGCCCACTCACAGACT
(R)TTTCTTCACATCCGTGTCCCGGCCCGGCCGCGGGGAGCCCCGCTTCATCG
CAGTGGGCTACGTGGACGACACGCAGTTCGTGCGGTTCGACAGCGACGCCGC
GAGCCAGAGGATGGAGCCGCGGGCGCCGTGGATAGAGCAGGAGGGTCCGGA
GTATGGACGGNNANG

AA3
(FYGNCCGGNACNCTTCTCGCCGTGGGCTACGTGGACGACACGCAGTTCGTGC
GGTTCGACAGCGACGCCGCGAGCCAGAGGATGGAGCCGCGGGCGCCGTGGA
TAGAGCAGGAGGGGCCGGAGTATTGGGACGAGGAGACACGGAAA
(R)TTTCTTCACATCCGTGTCCCGGCCCGGCCGCGGGGAGCCCCGCTTCATCG
CAGTGGGCTACGTGGACGACACGCAGTTCGTGCGGTTCGACAGCGACGCCGC
GAGCCAGAGGATGGAGCCGCGGGCGCCGTGGATAGAGCAGGAGGGTCCGGA
GTNTGNCGNNNN

AAd
(F)YGGCCGGGNNCCGCTTCTCGCCGTGGGCTACGTGGACGACACGCAGTTCGT
GCGGTTCGACAGCGACGCCGCGAGCCAGAGGATGGAGCCGCGGGCGCCGTG
GATAGAGCAGGAGGGGCCGGAGTATTGGGACGAGGAGACAGGGAAA
(R)TTTCTTCACATCCGTGTCCCGGCCCGGCCGCGGGGAGCCCCGCTTTATCG
CCGTGGGCTACGTGGACGACACGCAGTTCGTGCGGTTCGACAGCGACGCCG
CGAGCCAGAGGATGGAGCCGCGGGCGCCGTGGATAGAGCAGGAGGGGCCG
GAGTNTGACGAGANNN

AA17
(F)INCNNTNNGNNCCNGCTTCNNCGCAGTGGGCTACGTGGACGACACGCAGCT
CCGTGCGCGATCGACAGCGACCCCGCGAGCCAGAGCATGGAGCCGCGGGCC
CGTGGATAGAGCAGGAGGGTCCGGAGTATTGGGACGGGGAGACACGGAAAG
TGAAGGCCCACTCACAGACTACGGGACACGGAAGTGAA
(R)JGAGTCTGTGAGTGGGCTTTCTTTACATCCGTGTCCGCCNGNCGCGGGGAG
CCCGCTTCATCGCAGTGGGCTACGTGGACGACACGCAGTTCGTGCGGTTCGA
CAGGCGCCGCGAGCCAGAGGAGGGACGCGGGCGCCGTGGATAGAGCAGGA
GGGTCCGGAGTNTGACAGANGN

Y1
(FICNGNGNCNGGGAACGCTTCTCGCCGTGGGCTACGTGGACGACACGCAGTT
CGTGCGGTTCGACAGCGACGCCGCGAGCCAGAGGATGGAGCCGCGGGCGCC
GTGGATAGAGCAGGAGGGGCCGGAGTATTGGGACGAGGAGACAGGGAAA
(R)ITTTTCTTCACATCCGTGTCCCGGCCCGGCCGCGGGGAGCCCCGCTTCATC
GCCGTGGGCTACGTGGACGACACGCAGTTCGTGCGGTTCGACAGCGACGCC
GCGAGCCAGAGGATGGAGCCGCGGGCGCCGTGGATAGAGCAGGAGGGGCC
GGAGTNTGNCGNGANNAGN

Y2
(FYGGGGGNGGNACCGCTTCTCGCCGTGGGCTACGTGGACGACACGCAGTTC
GTGCGGTTCGACAGCGACGCCGCGAGCCAGAGGATGGAGCCGCGGGCGCCG
TGGATAGAGCAGGAGGGGCCGGAGTATTGGGACGAGGAGACAGGG
(R)TTTCTTCACATCCGTGTCCCGGCCCGGCCGCGGGGAGCCCCGCTTCATCG
CCGTGGGCTACGTGGACGACACGCAGTTCGTGCGGTTCGACAGCGACGCCG
CGAGCCAGAGGATGGAGCCGCGGGCGCCGTGGATAGAGCAGGAGGGGCCG
GAGTATGACGAGGANNNGT

AA10
(F)YCNNNNGNACCCANNCTCATCGCAGTGGCTACGCGGACGACACGCAGTCGT
GCCCATCGACAGCGACCCGCGAGCCAGAGGACGGAGCCGCGGGCCCGTGCA
TAGAGCAGGAGGGTCCGGAGTATTGGGACGGGGAGACACGGAAAGTGAAGG
CCCACTCACAGAGGACACGGATGTGAGAAAA
(R)TCTGTGAGTGTGCTTACTTTCTCTACACCGTTCCCAGCCGGGGCGGGGACC
CCGCTTCATCGCAGTGGGCTACGTGGACGACACGCAGTTCGTGCGGTTCGAC
ACGACGCCGCGAGCCAGAGGATGGGACCCGGGCGCCGTGGATAGAGCAGGA
GGGTCCGGAGTCNNACNNN

Y3
(FYGNNNNGNNACCGCTTCTCGCCGTGGGCTACGTGGACGACACGCAGTTCGT
GCGGTTCGACAGCGACGCCGCGAGCCAGAGGATGGAGCCGCGGGCGCCGTG
GATAGAGCAGGAGGGGCCGGAGTATTGGGACGAGGAGACAGGG
(R)TTTGATTTACAATAACTTAAGTCCGTCGAAAAGAGCTTCCTTCATCGCCGTG
GGCTACGTGGACGACACGCAGTTCGTGCGGTTCGACAGCGACGCCGCGAGC
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CCAGAGGATGGAGCCGCGGGCGCCGTGGATAGAGCAGGAGGGCCGGAGTAN
TGNNNNNNNN

Y4
(F)GNNNNGGNCCCGCTTCTCGCCGTGGGCTACGTGGACGACACGCAGTTCGT
GCGGTTCGACAGCGACGCCGCGAGCCAGAGGATGGAGCCGCGGGCGCCGTG
GATAGAGCAGGAGGGGCCGGAGTATTGGGACGAGGAGACAGGG
(R)TTTTCTCCACATCCGTGTCCCGGCCCGGCCGCGGGGAGCCCCGCTTCATC
GCCGTGGGCTACGTGGACGACACGCAGTTCGTGCGGTTCGACAGCGACGCC
GCGAGCCAGAGGATGGAGCCGCGGGCGCCGTGGATAGAGCAGGAGGGCCG
GAGTANGNNANNN

AB3
(F)GNNTNNTTCGAGGATGGAGCGCGGGCGCCGTGGATAGAGCAGGGAGGGG
CCGGAGTATTGGGACCGAGGAGACACGGATCTGCAAGGACCCCGCACAGAC
(R)TCCCAGTTTGTGAGGTTTGACAGCGACTCGGCGAGTCCGAGGATGGAGCC
GCGGGCGCCGTGGATGGAGCAGGAGGGGCCGGAGTATTGGGACGCGGGAG
ACACAGATCGTGTCAAGGCCCACGGCACAGACTGACACGANNAACNNTNGAT
NTNN

AB13
(F)NNNNGGGTCAGGGAGNAGCGCGGGCGCCGTGGANGGGCAGGAGGGGCC
GGAGTATTGGGACCGGGAGA
(R)TCCCAGTTCGTGAGGTTCGACAGCGACTCGGCGTGTCCGAGGATGGAGCC
GCGGGCGCCGTGGGTGGAGCAGGAGGGGCCGGAGTATTGGGACGCGGGAG
ACACGAGATCGTGCAAGGCCCACGCACAGACTACAGAGAGANCGCGNNNNN
AB14
(F)GNNNNNNNCGAGGAGGAGCGCGGGCGCCGTGGATAGAGCAGGAGGGGC
CGGAGTATTGCGACC
(R)TCCCAGTTCGTGAGGTTCGACAGCGACGCCGCGAGTCCGAGGATGGAGCC
GCGGGCGCCGTGGATGGAGCAGGAGGGGCCGGAGTATTGGACCGGGAGACA
CGGACCTGCAAGCCCACGCACAGACTGACCGAAGAACGCGTTNN

Y5
(F)NNNNNNNNGGTCAAAGAGNGCGCGGGCGCGTGGATAGAACCGGGAGGGG
CCCGGAGTACTGGGACCGGGACAGAAGTGTTGTTAGTTTTATTTCCGATCG
(R)TTCCCAGTTCGTGAGGTTTGACAGCGACTCCGCGAGTCCGAGGATGGAGC
CGCGGGCGCCGTGGGTGGAGCAGGAGGGGCCGGAGTATTGGGACGCGGGA
GACACAGATCGTGCAAGGCCCACGCACAGACTACAGGAAGGAACCGCGNNNC
N

Y6
(F)TGCACNGGTCCGAGAGGAGCGCGGGCGCCGTGGATAGANCAGAGGGGCC
GAGAGTATTGGGACACGAGGAGACACGGAACGCCAAGACAACGCCAACTGA
(R)TCCCAGTTCGTGAGGTTCGACAGCGACGCCGCGAGTCCGAGGATGGAGCC
GCGGGCGCCGTGGATGGAGCAGGAGGGGCCAGAGTATTGGGGACGCGGGG
AGGACACGAGGATCATCTGAAGGCCCACNCACCAGGACTGTCNNAGATGNCC
CGAANAAGNNA

AB21
(F)INNNGGCNCNGNNGNCCGGACGGGCGCCTCCTCCGCGGGCATAACCAGTA
CGCCTACGACGGCAAGGATTACATCGCCCTGAACGAGGACCTGCGCTCCTGG
ACCGCCGCGGACACGGCGGCTCAGATCACCCAGCGCAAGTACC
(R)TGTGACGGCTTCTCGTCCACATCCGCATCGGCTGGCGGCCGGGGGGGCG
GCCGGGGTTCTGGCCCGAACGAGGACCGCGCTCCGANCCNNNTTNNNNNGA
AB22
(F)YGGNANGNNGCACTGGGGCGACGGGCGCCTCCTCCGCGGGTATGACCAGT
CCGCCTACGACGGCAAGGATTACATCGCCCTGAACGAGGACCTGCGCTCCTG
GACCGCCGCGGACACCGCGGCTCAGATCACCCAGCGCAAGTTAT
(R)JGTGGTCTCACACCTTCCAGAGGATGTCTGGCTGCGACCTGGGGCCCGACG
GGCGCCTCCTCCGCGGGTATGACCAGTCCGCCTACGACGGCAAGGATTACAT
CGCCCTGAACGAGGACCTGCGCTCNTACCGCCCGNGATNCCC

AB24
(FYGNNNTCACTGGGGNCGGACGGGCGCTTCCTCCGCGGGTACCAGCAGGAC
GCCTACGACGGCAAGGATTACATCGCCCTGAACGAGGACCTGCGCTCTTGG
(R)TTGGTCTCACACCTTCCAGAGGATGTATGGCTGCGACGTGGGGTCGGACG
GGCGCTTCCTCCGCGGGTACCGGCAGGACGCCTACGACGGCAAGGATTACAT
CGCCCTGAACGAGGACCTGCGCTCTGNCCNNGGNNTAGN

AB31
(FYGNNNNNCACTGGGGCGGACGGGCGCCTCCTCCGCGGGTATGACCAGTCC
GCCTACGACGGCAAGGATTACATCGCCCTGAACGAGGATCTGCGCTCCTGGA
CCGCCGCGGACACCGCGGCTCAGATCACCCAGCGCAAGTTAA
(R)TTCTCACACATTCCAGAGGATGTTTGGCTGCGACCTGGGGCCGGACGGGC
GCCTCCTCCGCGGGTATGACCAGTTCGCCTACGACGGCAAGGATTACATCGC
CCTGAACGAGGNTCTGCGCTCCTGACCGCCGNGNNNNNG

AB32
(F)CNNGGCCACCGGNNCGGAGGGCGCCTCCTCCGCGGGCATAACCAGGTCG
CCTACGACGGCAAGGATACATCGCCCTGAACAAGGACCTGAGCTCCGGCAC
(R)JAATCGTCACCACAAAACCTCCCCCGCGACCGTAAGCAGCCGCCATGACGG
CAAGGATCCTCGCCCTTCACGAGGACCTGGGCTCCTGNAGCCCCNNCCGT

Y7
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(F)CGNGNTCACTGGGGCGGACGGGCGCCTCCTCCGCGGGCATAACCAGTTC
GCCTACGACGGCAAGGATTACATCGCCCTGAACGAGGACCTGCGCTCCTGGA
CCGCCGCGGACACGGCGGCTCAGATCACCCAGCGCAAGTTAA
(R)TTGGTCTCACACCTTCTAGAGGATGTATTGGCTGCGACGTGGGGCCGGAC
GGGCGCCTCCTCCGCGGGCATAACCAGTTCGCCTACGACGGCAAGGATTACA
TCGCCCTGANCGAGGATCTGCGCTCCTNGACCGCGGNGNNNNC

Y8
(F)YGNNGTNACTGGGGCGACGGGCGCCTCCTCCGCGGGTATAACCAGTTCGCC
TACGACGGCAAGGATTACATCGCCCTGAATGAGGACCTGCGCTCCTGGACCG
CCGCGGACACGGCGGCTCAGATCACCCAGCGCAAGTAAA
(R)TGGTCTCACACCGTCCAGAGGATGTATGGCTGCGACCTGGGGCCCGACGG
GCGCCTCCTCCGCGGGCATAACCAGTTCGCCTACGACGGCAAGGATTACATC
GCCCTGAATGAGGACCTGCGCTCCTGACCGCGCGATCCANN

Vol 1 (1&2) PJBMB
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Abstract: ThePhilippines has 40 virgin coconut oil (VCO) producers that accommodate the increasing demand for VCO
(Manohar et al., 2007). VCO is an edible lipid-based product extracted from coconut copra by a wet process (Marina et al.,
2009) and itis used for producing massage oils, lotions, balms, creams and soaps (Manohar et al., 2007). Itis also suggested
to be a possible complementary and alternative medicine (CAM) for cancer. This in silico study contributes in analyzing the
anti-cancer relationship between VCO and its key cancer protein targets, through an integrated approach of bioinformatics
and pharmacology. VCO active components were screened by oral bioavailability (OB), drug-likeness (DL), and probable
anti-cancer activity while their key targets in humans were determined using z’-scores, cancer pathways involvement, and
centrality algorithms. These compounds were docked to determine the active components’ putative efficacy as ligands while
the top ten KEGG pathways enriched among cancer protein targets were obtained. Primers and probes of key targets for
gene expression analysis were also designed. The candidate active components were 2-heptanone, 2-pentanone, and the
suggested transcription factor inhibitors are dihydrokaempferol, ferulic acid, and quercetin. They were effective ligands to
the key targets: AKT1, HRAS, HSP90AA1, MAPK1, EGFR, MAPK8, RHOA, ESR1, PIK3R1, and MMP9. Moreover, the top
enriched pathways were pathways in cancer, focal adhesion, hepatocellular carcinoma, fluid shear stress and
atherosclerosis, endocrine resistance, prostate cancer, colorectal cancer, PI3K-Akt signaling pathway, proteoglycans in
cancer, and Ras signaling pathway. The interactions of VCO and key targets in these pathways suggested mechanisms that
may be highly essential for treating hepatocellular, prostate and colorectal cancers. Ultimately, this study provides leads for
focusing future in vitro studies on the anti-cancer activity of VCO components in cells.

Keywords: VCO, active components, key targets, cancer, AKT1, quercetin, PI3K-Akt signaling pathway, docking

1. INTRODUCTION choice for managing cancer patients (Dai et al., 2018).
Virgin coconut oil (VCO) was shown to have anti-cancer
activity against HepG2 liver and KB oral cancer cells

(Verma et al., 2019). It is an edible lipid-based product

Cancer is the second leading cause of death
internationally (World Health Organization, 2018) which

caused 10.4% of the total deaths in the Philippines last
2016 (Bersales, 2018). Because of exorbitant leading
cancer treatments, complementary and alternative
medicine (CAM) has gradually become an alternative
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derived from coconut copra. Unlike refined coconut all,
virgin coconut oil is extracted by a wet process that
retains most of its therapeutic components (Marina et al.,
2009). Because VCO is used in producing food
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supplements, massage oils, lotions, balms, creams and
soaps, it has an increasing demand. It was a Philippine
phenomenon of the 21st century with over 40 producers
in the Philippines that are mostly based in the National
Capital Region and Southern Luzon (Manohar et al.,
2007). Although some components of VCO have already
been determined such as its monoglyceride, diglyceride,
fatty acid, volatile organic compound, phenolic, sterol,
and tocopherol content, the active components of VCO
responsible for its anti-cancer activity remain unclear
(Verma et al., 2019). Bioinformatics and pharmacology
are in silico approaches (Dai et al., 2018) essential in the
development of drug discovery (Chordia & Kumar, 2018).
However, in silico studies on VCO against cancer are
lacking. Hence, this study was undertaken to analyze in
silico the possible anti-cancer mechanism of selected
VCO active components to their key cancer protein
targets. Specifically, the study aims to identify candidate
active compounds from VCO through virtual screening in
terms of oral bioavailability, drug-likeness, and probable
anti-cancer activity; to determine in silico the key cancer
protein targets of the selected active components of VCO
using z’-scores, the KEGG human pathways in cancer,
and centrality measures; to determine an optimized dock
conformer to the key cancer protein targets among the
selected active VCO components; to determine in silico
the biological pathways linked to the cancer protein
targets of selected active components of VCO; and to
design in silico gene expression oligonucleotide primers
and probes for the targeted key cancer protein-coding
genes.

2. METHODOLOGY

2.1. Virtual Screening for VCO Active Components

2.1.1. Creating database of VCO chemical
components

Data on VCO composition was collected from Google
Scholar and NCBI PubMed databases using the general
keyword “virgin coconut oil.” The compounds were
classified chemically and the canonical Simplified
Molecular-Input Line-Entry System (SMILES), 2D
structures, and 3D structural data format (SDF) of these
compounds and the selected controls: Chlorambucil, 1,2-
dioleoyl-rac-glycerol, 3-Amino-N-(4-fluorophenyl)-6-(2-
thienyl)),-4-(trifluoromethyl)thieno[2,3-b] pyridine-2-
carboxamide (FDI-6), and Ellipticine were obtained from
NCBI PubChem database. Chlorambucil is an oral anti-
cancer drug (Wishart et al., 2006) while 1,2-dioleoyl-rac-
glycerolis adiacylglycerol not used on humans (Cayman,
n.d.). Because of these characteristics, these two
compounds were suitable positive and negative controls
for oral bioavailability, drug-likeness, and anti-cancer
activity, respectively. FDI-6 is a transcription inhibitor
while Ellipticine is a transcription stimulant (Lambert et
al., 2018). Thus, they were selected as suitable positive
and negative controls for ftranscription inhibition,
respectively.

2.1.2. Screening for VCO active components by OB
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After entering the canonical SMILES of each VCO
component into SWISSADME (http://
www.swissadme.ch), compounds that obtained an oral
bioavailability (OB) score >0.50 and satisfied the
Lipinski’'s, Veber's, and Egan’s (LVE) rules without
violations were selected for DL-screening. This threshold
was selected based on the use of F =0.50 as a binary
classification threshold (Kim et al., 2014). Chlorambucil
and 1,2-dioleoyl-rac-glycerol served as the positive and
negative control, respectively.

2.1.3. Screening for VCO active components by DL

After uploading the SDF files of each OB-screened VCO
componentinto Drug-likeness Tool (DruLiTo) (Sharma et
al., 2014), compounds with a weighted and unweighted
quantitative estimate of drug-likeness (QED) >0.35 were
selected. This threshold was selected based on the value
at which the mean QED of unattractive complex
compounds is lower; QED surpasses Lipinski’s rule; and
Veber comes close to QED (Bickerton et al., 2012). The
positive and negative controls used were chlorambucil
and 1,2-dioleoyl-rac-glycerol, respectively.

2.1.4. Screening for VCO active components by Pa
of anti-cancer activity

After entering the canonical SMILES of each OB-and DL-
screened VCO component into Prediction of Activity
Spectra  for Substances or PASS  (http://
www.pharmaexpert.ru/passonline/), compounds with a
probability of activity (Pa) value >0.6 as the threshold set
by Hashemi et al. (2014) for anti-cancer
(anticarcinogenic, and antineoplastic) activity were
selected as active components. Selected compounds
with a Pa >0.4 as the chosen threshold for transcription
factor (TF) inhibition were noted. This threshold was
selected based on the fact that greater Pa values have
lesser probability of having false positive results
(Basanagoudaetal., 2011), and higher Pa values have a
higher percentage of missed active compounds
(Poroikov, Filimonov, & Associates, n.d.). The positive
and negative controls were chlorambucil and 1,2-
dioleoyl-rac-glycerol for anti-cancer activity and FDI-6
and ellipticine for TF inhibition, respectively.

2.2. Determining Key Cancer Protein Targets

2.2.1. Identifying human protein targets

The SDF files of each selected VCO active component
were then uploaded into PharmMapper (http://www.lilab-
ecust.cn/pharmmapper/). This software predicted up to
300 human protein targets for each active component of
VCO. These protein targets were generated with
corresponding z'-scores (PharmMapper, 2019). The
human protein targets with negative z’-scores were
disregarded while the remaining targets with positive z’-
scores were considered significant protein targets
of the screened VCO active components.
This threshold was based on the certainty that large
positive z’-score indicates high significance of the
target to the query compound and that large
negative Zz-score indicates that the target is
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not significant (PharmMapper, 2019). The HUGO Gene
Nomenclature Committee (HGNC) symbols of these
targets were obtained from Ensembl (http://
useast.ensembl.org/).

2.2.2. Screening for cancer protein targets by
involvement to cancer

After entering the HGNC symbols of the selected human
protein targets into STRING (https://string-db.org/) for
protein to protein interaction (PPI) network mapping,
targets analyzed to have involvement in the KEGG
human pathways in cancer were selected as cancer
protein targets and kept as input nodes of the network.
Targets without involvement were removed and the tab
separated values (TSV)file of the cancerous PPI network
was downloaded. The TFs among the cancer protein
targets were determined through Ensembl BioMart using
the Gene Ontology (GO) term accession: GO:0003700
filter for TFs (Romero et al., 2005).

2.2.3. Screening for key targets by centrality

After uploading the TSV file of the cancerous PPl network
into Cytoscape v3.7.2. (Shannon et al., 2003), the top ten
cancer protein targets with the highest degree centrality,
closeness centrality, and betweenness centrality upon
centrality analysis of the network were selected as key
cancer protein targets. The SDF files of these key targets
were obtained from NCBI Pubchem database.

2.3. Generating Optimized Dock Conformers of VCO
Active Components and Key Targets

2.3.1 Docking VCO active components and key
targets

After the SDF files of the VCO active components
(ligands) and their respective key targets (receptor
proteins) were converted to PDBQT formats using
OpenBabelGui (O'Boyle et al., 2011), they were
uploaded into AutoDock (Morris et al., 2009) for docking.
The conformation with the highest ligand-binding affinity
(kcal/mol) or most negative change in Gibbs free energy
(AG) generated by AutoDock Vina for each protein-ligand
match were selected. However, all conformations with -
AG values were considered to have high binding affinity
while +AG values were considered low.

2.4, Determining Biological Pathways Linked to
Cancer Protein Targets

2.4.1. Constructing VCO compound-cancer target
network

After uploading the TSV file of the cancerous PPI network
into Cytoscape v3.7.2, the nodes and respective edges of
VCO active components were mapped into the existing
network to obtain a VCO compound-cancer target
network (Li et al., 2018).

2.4.2. Pathway enrichment analysis of cancer protein
targets

After entering the HGNC symbols of the cancer protein
targets into WEB-based GEne SeT AnaLysis Toolkit or
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WebGestalt over-representation analysis (ORA) (Liao et
al., 2019) for KEGG human pathway enrichment
analysis, the top ten pathways with the lowest adjusted P
value <0.01 were selected (Dai et al., 2018). This
threshold is based on the fact that a smaller P value
dictates stronger significance (McLeod, 2019).

2.5. Designing Primers and Probes of Targeted Key
Cancer Protein-Coding Genes

2.5.1. Primer design of key targets

After the shortest exon-exon junction sequence template
was obtained from the longest protein coding gene of
each key target through Ensembil (Yates et al., 2020), the
corresponding primers with a product size of 70-200 base
pairs (bp) (Sadangi, 2015), primer size of 18-30 bp (Abd-
Elsalam, 2003), Tm of 57-63°C (Sadangi, 2015), max Tm
difference of 2 (Prediger, 2013), GC content of 40-60%
(Alfandary, 2015), max hairpin melting temperature of
50°C (Abd-Elsalam, 2003), max poly-x of 1, and max self-
complementarity of 0 (Sadangi, 2015) were obtained
using Primer3Plus (https://primer3plus.com/). When no
primers were generated, the settings or template were
adjusted.

2.5.2. Selecting primers

The primers were screened for uniqueness to the desired
sequence (Prediger, 2013) in humans using the BLAST
option of Primer3Plus which links to NCBI nucleotide
BLAST. Primers with an exon-exon junction overlap
(Vandenbroucke et al., 2001), GC clamp (Abd-Elsalam,
2003), a query coverage of 100% (Sadangi, 2015) and E-
value <1 were selected. This threshold was set to limit the
number of hits seen by chance, ensure that the match is
significant (Altschul et al., 1997), and avoid off-target
interactions (Prediger, 2013).

2.5.3. Probe design of key targets

After entering the designed primer sequence for each key
target into PrimerQuest Tool (https://www.idtdna.com/
primerquest/), the probes with an amplicon size of 70-150
bp, probe length of 20-30 bp, Tm 6-8°C higher than the
primers, and GC content of 35-65% were obtained. When
no probes were generated, the settings were adjusted.
The probe annealing temperatures and AG values of self-
dimers, hairpins, and heterodimers were obtained from
NEB Tm calculator (https://tmcalculator.neb.com) and
UNAFold program (https://www.idtdna.com/unafold/),
respectively.

2.5.4. Selecting probes

The probes were screened for uniqueness to the desired
sequence in humans using NCBI nucleotide BLAST
(https://blast.ncbi.nim.nih.gov/Blast.cgi). Probes with
close proximity to the primer without overlapping the
primer-binding site, an annealing temperature 5°C below
the primer Tm, AG of self-dimers, hairpins, and
heterodimers >-9.0 kcal/mole (Prediger, 2013), a query
coverage of 100% (Sadangi, 2015), and E-value <1
(Altschul et al., 1997) were selected.
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3. RESULTS AND DISCUSSION

3.1 VCO Active Components

Out of 40 VCO chemical components, 23 passed OB-
screening, 21 passed subsequent DL-screening, and
only 5 out of 21 had probable anticancer activity. Volatile
organic compounds: 2-heptanone, and 2-pentanone
(Santos et al.,, 2011), and phenolic compounds:
dihydrokaempferol, ferulic acid, and quercetin (lllam et
al.,, 2017) with OB >0.50, DL >0.35 without LVE rule
violations, and Pa >0.60 for antineoplastic/
anticarcinogenic activity (Table 1) were selected as
active components.

Table 1. Screened VCO Active Components. Table
shows the VCO active components, 2D structures, their
oral bioavailability (OB) score, drug-likeness (DL) via
weighted QED (W), and probable (Pa) anticancer
(anticarcinogenic and antineoplastic), and TF inhibitory
activities.

Anti Ant

~carunogenic | -neoplastic TF
Active Chemical oe oL Activity Activity Inhibition
# Component Structure
Pa Pa Pa
Volatile Organic Compounds
1| 2Heptnone 0% [gs07| o028 ) 0322
5| = 055 B =
2| 2Pentancne 0.4%€ 0258 0715 0347
Phenclic Compounds
§ | e € 0% |oess| o7 0.715 0417
4| FeruicAcid 0% |o748| oete 060 0417
5| Quecstin 085 | gass 0757 0797 05832

OB signified the ability of a compound to systematically
circulate in the body after being orally taken (Tian et al.,
2011) which was indicated by OB scores (Martin, 2005)
andflagged by LVE rules (Lagorce etal., 2008). LVE rules
state that compounds should have <5 hydrogen bond
donors, <10 hydrogen acceptors, <500 Da molecular
mass, and < 5 partition coefficient (Lipinski et al., 2001);
<10 rotatable bonds (ROTB) and <140 A polar surface
area (PSA) (Veber et al., 2002); and 0 = topological polar
surface area (tPSA) < 132 A? and -12 logP < 6 (Craciun
et al., 2015), respectively. DL signified the compound’s
chemical suitability for drug use (Dai et al, 2018) as
indicated by weighted/unweighted QED.
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QED is the measure of a compound’s drug-likeness
based on its desirability. It allows compounds to be
ranked by the elusive quality of chemical attractiveness
(Bickerton et al.,, 2012). These two parameters
distinguished which components give VCO the
properties of an oral drug but these parameters fail to
distinguish which components have probable anti-cancer
activity. Pa values determined the probability to exhibit
such activity (Filimonov & Poroikov, 2008). Thus, the
VCO components that satisfied all three parameters were
considered the active components. Additionally,
dihydrokaempferol, ferulic acid, and quercetin with Pa
>0.40for TF inhibition (Table 1) were suggested to disrupt
the synthesis or activity of TFs (Poroikov, Filimonov, &
Associates, n.d.).

3.2 Screened Key Targets

The predicted protein targets of each VCO active
component (approximately 1200 in total) were first
evaluated through the value of their generated z'-scores.
Large negative z’-scores show low significance of the
target to the query compound (PharmMapper, 2019),
hence all the targets with negative z'-scores values were
not considered significant and excluded in the
succeeding screening. The remaining 291 significant
protein targets were scrutinized for their involvement in
the human pathways of cancer using the KEGG Pathway
database. Out of 291 targets, no targets were predicted
from 2-pentanone and 49 were cancer protein targets
(Figure 1).

-

Figure 1. VCO Compound-Cancer Target Network.
Image shows the compound-cancer target network of the
VCO active components and their corresponding cancer
targets. The VCO active components, the cancer targets,
and the key targets are represented by green nodes, red
nodes, and orange nodes, respectively.

Among them, AR, ESR1, ESR2, PPARD, PPARG, and
RXRA were TFs which are effective in the genetic
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transcription initiation, stimulation, or termination
(Poroikov, Filimonov, & Associates, n.d.) of the target
proteins in the pathways of cancer while AKT1, HRAS,
HSP90AA1, MAPK1, EGFR, MAPK8, RHOA, ESR1,
PIK3R1, and MMP9 with the top 10 highest centrality
measures (Table 2) were selected as key targets.

Table 2. Screened Key Targets. Table shows the ten key
cancer protein targets and their HGNC symbols, and

degree, closeness, and betweenness centrality
measures.
Degree | Closeness Betweenness
B T |
Key Target Hnbo Centrlity | Centrality Centrality
AC-aipt [
1 RAC-apha ser:ne/threonnep'uren AKT1 a 077419055 7697008502
kinase
2 GTPase HRas HRAS 34 077419355 5671742E-02
3 Heal shock proten HSP 90-aipha HSPO0AAT 32 0.75000000 7.845045€-02
4 Mitogen-activated protein kinase 1 MAPK1 32 0.75000000 5223285E-02
5 Epidermal growth factor receptor EGFR 31 0.73846154 5.836740E-02
6 Mitogen-activated protein kinase 8 MAPKS 30 072727273  5507305E-02
7 Transforming proten RhoA RHOA 28 0.70588235 3.972225E-02
8 Estrogen receptor ESR1 28 070588235 3.707980E-02
P N Y 1 3-ki quatory
g | Posphatidyimnostol 3-nase eQUAIOTY | pyany | 28 | oessesss7 2873707602
subunit aipha
10 Matrix metaloprotenase 9 MMPO 25 067609634 2965179€-02

Centrality algorithms are used to interpret the roles and
impact of specific nodes on the entire cancerous PPI
network. According to Disney (2020) from Cambridge
Intelligence, degree centrality assigns an importance
score based on the number of links with the other nodes.
Higher values for degree centrality mean that the node is
more central (Golbeck, 2015). Betweenness centrality
measures the number of times a node lies on the shortest
path between other nodes. This measure is used to
measure one node which has the mediation role in a
network (Zhang & Luo, 2017). It tells us which nodes
bridges between nodes in a network. The shortest paths
are identified and the number of times each node falls on
oneis counted (Disney, 2020). The target node which has
many short paths would have a high betweenness
centrality (Perez & Germon, 2016). Lastly, closeness
centrality scores each node based on their closeness to
all other nodes in the network. This measure calculates
the shortest paths between all the nodes and then
assigns each node a score based on the sum of shortest
paths (Disney, 2020). If the length of node X’s shortest
paths with other nodes in the network is small, then this
node has a high closeness centrality. (Zhang & Luo,
2017). Thus, the key targets are the proteins with the
most crucial role in the cancer protein target interactions.

3.3 Docked VCO Active Components and Key
Targets

The active components 2-heptanone,
dihydrokaempferol, ferulic acid, and quercetin with -AG
scores were considered effective ligands to their
respective key targets. Among the ligands, 2-heptanone
had the Ilowest AG score for MAPKI1.
Dihydrokaempferol had the lowest AG score for AKT1,
ESR1, and MMP9 and quercetin had the lowest AG score
for HRAS, HSPOAA1, EGFR, MAPK8, RHOA, and
PIK3R1. However, 2-heptanone,
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dihydrokaempferol, ferulic acid, and quercetin had the
lowest AG scores for MAPK8, MMP9, HSP90AA1, and
MAPKS8 among their key targets, respectively (Table 3).

Table 3. Docked VCO Active Components and Key
Targets in First Conformation. Table shows the binding
affinities in kcal/mol and protein-ligand complexes (P-L)
of the docked VCO active components (green ligands L)
with corresponding key targets (red receptor proteins P)
in their first conformation. The “*” represents cells that
were intended to be empty.

# L First Conformation
HSPR0AAL | EGFR MAPKS RHOA ESR1
-58 67 59 6.3

MAPKS PIK3RY
-84 $.9 7.3 £6

%
@%@@&%ﬁ

MAPK8 | ESR1

P MT1 HRAS

1| Ferulic Acd
P-L

HRAS

HSPA0AA 1

Quercetin

N

T HRAS

-68 -81 -75 83

@@&%@

MAPK1 EGFR

AG 3
4[2-Heptanone .

The binding of a receptor protein and a ligand occurs only
when the value of their system’s change in Gibbs free
energy (AG) is negative (Afriza et al., 2018) which is why
conformations with +AG scores were considered to have
low binding affinity while -AG scores were considered
high. Analogous to spontaneous processes, this binding
action occurs when the system reaches an equilibrium
state at constant pressure and temperature. The AG
reflects the extent of a protein-ligand interaction and the
binding affinity of a ligand to a given protein receptor
(Bronowska, 2011). This score also shows how stable the
resulting complexes of the receptors and ligands are. Itis
an essential characteristic of effective drugs which
occurs when the value of their system’s AG is negative.
Thus, more negative AG values indicated greater binding
affinity and complex stability (Afriza et al., 2018).

.| Dihydraka
°| -empteral

3.4 Top Ten Pathways of VCO Compound-Cancer
Target Network

The interaction of the VCO active components and
cancer protein targets as visualized in Figure 1 were
suggested to impact specific pathways in humans. These
pathways (Table 4) are significantin explaining the action
of cancer protein targeting by VCO active components.
The construction of compound-cancer target networks
integrates  both the compound to  target
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protein interactions and the target protein to target protein
interactions. The construction of such networks aids in
the identification of the mechanism of a potential drug’s
treatment (Li et al., 2018).

Table 4. Top Ten Pathways of Cancer Protein Targets.
Shown in the second column are the names of pathways,
followed by the involved cancer protein targets in the third
columnwhere the key targets are inbold. C is the gene set
size of the number of reference targets in the category; E
is the expected number in the category; O is the number
of targets in both the gene set and the category that
overlap; R is the enrichment ratio; P is the raw p-value
upon hypergeometric test for evaluating significance; and
F is the false discovery rate or the adjusted p-value by the
multiple test adjustment.

Pathways

Targets C E 0 R P F
Pathways in cancer 3.876 0

Al 49 Cancer Protein Targes 524 | 35313 | 49 |13.876

AKT1, AKT2, BRAF, EGFR, GSK38
o | s orR maeka weekie, | e s
Focaladhesion | wapKs, MET, PGF, PIKIRY, PTR, 199 | 134111 19 |14.168
RAC!, RAC2, RAF1, RHOA, and XIAP

Hepabceiular
cargnoma

RAF1, and TGFB2

AKT1, AKT2 GSTA! GSTAZ

I GSTM1. GSTM 1,GSTT28
:-:.;:?a STESS | HSPOOAA 1, MAPK10, MAPKB, MMP9, 133 | 0.3 [ 18 [19.385| o
200 sMe0SCRMSS |\ nns DIKIRY BTK2 RACT RAC2

and RHOA

AKT1, AXTZ BRAF EGFR ESR1
ESR2 HRAS, IGFIR, MAPK1 ca lagenas & |2am7

MAPK10, MAPKS, MMPS, PIKIR1 &= = b
PRKACA, PTK2, and RAF1

Endocrine
ressince

AKT1, AKT2, AR, BRAF, CDK2
EGFR, FGFR1, GSK38, GSTP1 a7 log
HRA S, HSPO0AA 1 IGFIR MAPKY, =~ |7
MMP9, PIK3R1, and RAF1

6 | Prostate cancer

AKT1, AKTZ, BRAF EGFR, GSK38
HRA S, MAPKY, MARKIC, MAPKS

7 | Colorectal cancer 8 |0.57%6| 15 |25.882

HRAS, HSPI0AA1

; 2, JAK3, KIT, MAPKY, 354 [ 23855 | 22 |9.2218|1.11E-18

MET, PGF, PIKIR1, PTK2, RAC!
RAF1, and R(RA

Pi3K-Akt signaling
pathway

m
-~
n
ol

#BL1, AKT1, AXT2, EGFR, FGFRY,

as sonaing  |HRAS, IGF1 MAPK1, MAPKIO

s SOmg MAPKB, MET, PGF, PIK3R1 232 | 13835 | 19 [12.152|222¢ £
pasny PRKACA, RAC!, RAC2, RAF1, 304

RHOA

AKT1, AXT2 BRAF EGFR ESR1
| Proecglycansin | FGFRI, HRAS, IGFIR, MAPKI1, MET 1e8 | 13343 | 18 | 1349 | 2206-15 7 24815
cancer MMPS, PIKIR1, PRKACA, PTK2 N i [osntt Eoontioni imemnilanti e anine
RAC!, RAF!, RHOA  and TGFB2

Pathways in cancer is an overview of the different
signaling networks involved in cancer for humans.
Because the targets were screened for their involvement
in cancer through this pathway, it was evident for all 49
cancer protein targets to be linked to it.

Focal adhesions are specialized structures in the contact
points of the cell’s extracellular matrix (Kanehisa & Goto,
2000). Targeting focal adhesion proteins in cancer
strongly sensitize cancer cells to different cancer
treatments such as radiotherapy, chemotherapy, and
novel molecular therapeutics (Eke & Cordes, 2015). In
focal adhesions, targeting key targets AKT1 and
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PIK3R1 of the PI3K-Akt signaling pathway may hinder
cell survival. Similarly, targeting HRAS, MAPK1, and
MAPKS involved in the MAPK signaling pathway may
constrain cell survival or cell proliferation. EGFR is
involved in both of the previously mentioned pathways as
a receptor while RHOA is indirectly linked to the
regulation of the actin cytoskeleton of the cell. Thus,
targeting RHOA may decrease cell motility (Kanehisa &
Goto, 2000).

Three pathways were specific types of cancer namely
hepatocellular carcinoma, prostate cancer, and
colorectal cancer. Hepatocellular carcinoma (HCC) is the
leading type of primary liver cancer in humans which are
linked to viral factors such as the hepatitis B virus (HBV)
and the hepatitis C virus (HCV). AKT1, EGFR, HRAS,
MAPK1, and PIK3R1 in HCC should have exhibited the
same action as the previously described in focal adhesion
(Kanehisa & Goto, 2000). Thus, VCO active components
targeting these key proteins may aid in inhibiting cell
proliferation and survival. However, targeting PIK3R1
specifically has been studied to suppress cell
proliferation, migration, and promote apoptosis in HCC
(Ai etal., 2018).

Prostate cancer (PCa) is often diagnosed among men
and is the second leading cause of male cancer deaths.
The targets AKT1, EGFR, and PIK3R1 are involved in the
PI3K-Akt signaling pathway of PCa which lead to the
inhibition of proteins necessary for apoptosis (Kanehisa
& Goto, 2000). The dysregulation of apoptosis allows
cancer cells to further accumulate mutations and
proliferate (Pfeffer & Singh, 2018) so by having VCO
active components target these proteins, apoptosis may
be revived. HRAS and MAPK1 of the MAPK signaling
pathway intersects with the protein involved with
HSP90AA1 and indirectly leads to proliferation and
survival of PCa cells. Additionally, MMP9 is involved in
the process of cellular migration and invasion of PCa cells
(Kanehisa & Goto, 2000). Thus, targeting these four key
proteins may hinder the proliferation, survival, migration,
and invasion of cancer cells, accordingly.

Colorectal cancer (CRC) occurs as a result of the
accumulation of genetic alterations in tumor suppressor
genes and oncogenes in the colorectal epithelium
(Kanehisa & Goto, 2000). In CRC, AKT1 and PIK3R1 are
involved in the PI3K-Akt signaling pathway which inhibits
pro-apoptotic proteins through phosphorylation. This
pathway links with the MAPK pathway of CRC where
MAPK1, MAPK8, and RHOA are involved and lead to
cancer cell survival and proliferation. Similarly, HRAS,
MAPK1, and MAPKS8 are involved in the mTOR signaling
pathway that may indirectly lead to CRC cell survival and
proliferation. Having VCO active components target
AKT1 and PIK3R1 in CRC may incite apoptosis and
targeting the rest of the key proteins may indirectly hinder
the survival and proliferation of CRC cells (Kanehisa &
Goto, 2000).
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Fluid shear stress (FSS) is the frictional force that blood
flow exerts on the blood vessel endothelial surfaces
(Kanehisa & Goto, 2000) while atherosclerosis is the
buildup of substances in the artery walls that restrict blood
flow (Mayo Clinic, 2018). Atherosclerosis has closely
aligned pathways to cancer such as cell proliferation and
clonal expansion. Thus, antiproliferative therapeutic
strategies may be effective in treating both
atherosclerosis and cancer (Ross et al., 2001). In FSS
and atherosclerosis, RHOA was shown to be linked to the
cytoskeletal alignment of the cells with the blood flow
while AKT1 and PIK3R1 were involved in the PI3K-AKT
signaling pathway that may lead to vasodilation.
Similarly, HSP90AA1 interactions may result in
vasodilation. Vasodilatory proteins are anti-atherogenic.
Contrarily, MAPKS is involved in the MAPK signaling
pathway of atherosclerosis. This signaling pathway is
followed by matrix degeneration through MMP9. Matrix
degeneration is pro-atherogenic (Kanehisa & Goto,
2000). By having VCO active components target these
pro-atherogenic  proteins, atherogenesis whose
pathways are closely aligned with cancer may drop.

Endocrine resistance is a major hurdle in cancer
treatment because endocrine therapy is essential in
treating hormone-responsive breast cancer. Typically
used endocrine therapy agents are selective estrogen
receptor modulators (SERMs), estrogen synthesis
inhibitors, and selective estrogen receptor (ER) down-
regulators (Kanehisa & Goto, 2000). In endocrine
resistance, MMP9 interactions lead to EGFR which is
involved in the alternative activation of the PI3K-Akt and
MAPK signaling pathways. AKT1 and PIK3R1 are
involved in the former signaling pathway while HRAS,
MAPK1, and MAPKS8 are involved in the latter signaling
pathway. These two signaling pathways lead to ESR1
which is involved in the alteration of the balance of co-
regulatory proteins as the ER. These coregulators
interact with TFs for the proliferation of transcription. This
event is a mechanism behind endocrine resistance
(Kanehisa & Goto, 2000). Hence, by having VCO active
components target these involved key proteins,
unwanted resistance for cancer treatment may be
addressed.

Cellular stimuli or toxic insults activate the
Phosphatidylinositol 3’-kinase (PI3K)-Akt signaling
pathway which has repeated participation in the
preceding pathways. This event regulates main cellular
functions: transcription, translation, proliferation,
growth, and survival. Phosphatidylinositol-3,4,5-
triphosphate (PIP3), produced by the catalysis of PI3K,
serves as a second messenger which results in the
activation of AKT. AKT controls the phosphorylation of
substrates involved in apoptosis, protein synthesis,
metabolism, and cell cycle (Kanehisa & Goto, 2000).
The interactions of AKT1, EGFR, HSP90AA1, and
PIK3R1 that involve the inhibition and activation of
various molecules may indirectly lead to protein
synthesis, cell proliferation, angiogenesis, DNA repair,
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metabolism, cell cycle progression, and cell survival in
this pathway. Having VCO active components target
these key proteins may resultin the inhibition of the stated
cell processes. In addition, by targeting EGFR and
HRAS, which are part of the ErbB signaling pathway and
insulin signaling pathway, and MAPK1, which is part of
the MAPK signaling pathway may indirectly suppress cell
proliferation, angiogenesis, and DNA repair (Kanehisa &
Goto, 2000).

Signaling pathways regulating cell proliferation, survival,
growth, migration, differentiation or cytoskeletal
dynamism are turned on or off by Ras proteins of the Ras
signaling pathway. RAS has made its appearance
several times in the preceding pathways discussed as
HRAS. Targeting HRAS and EGFR may suppress
cellular processes including apoptosis, cell cycle arrest,
cell survival, and cell growth among others. This pathway
links to the PI3K-Akt signaling pathway which involves
PIK3R1 and AKT1. Targeting these proteins may hinder
cell survival, growth, migration, cell cycle progress, and
transcription. This pathway also involves RHOA, which is
linked by PIK3R1, and MAPK1 and MAPKS8 which are
part of the MAPK signaling pathway. Having VCO active
components target RHOA and the MAPK proteins may
lead to decreased cell motility and decreased gene
expression, respectively (Kanehisa & Goto, 2000).

Lastly, proteoglycans contribute to the proliferation,
adhesion, angiogenesis and metastasis of certain cancer
types. Proteoglycans have four types namely hyaluronan
(HA), chondroitin sulfate proteoglycans (CSPGs) or
dermatan sulfate proteoglycans (DSPGs), keratin sulfate
proteoglycans (KSPGs), and heparan sulfate
proteoglycans (HSPGs). In the HA pathway; HRAS,
MAPK1 and ESR1, RHOA, PIK3R1, and AKT1
interactions may indirectly cause cell growth and survival
which may be hindered upon targeting. CSPG or DSPG
involves AKT1, PIK3R1, EGFR, MAPK1, and MMP9.
Targeting these proteins may be essential in impeding
cancer cell proliferation and survival. The KSPG pathway
did notinvolve any of the key targets while HSPG involved
MAPK1 and MMP9. Their interactions may result in their
phosphorylation and shedding, respectively, and
indirectly lead to the inhibition of angiogenesis. Similar to
HA, targeting PIK3R1, AKT1, HRAS and MAPK1 in this
pathway may indirectly cause decreased cell proliferation
and survival in cancer (Kanehisa & Goto, 2000).

3.5 Primers and Probes of Key Targets

Primers and probes are essential for the maximal
efficiency of RT-PCR, a technique used for quantifying
the expression of specific genes (Applied Biosystems,
2010) because they lay the foundation to allow DNA
polymerase to attach new DNA nucleotides to an existing
strand of nucleotides (Scitable, n.d.), and detect target
sequences, respectively (Bio-Rad, n.d.). These designs
serve as the groundwork for future in vitro studies on the
anti-cancer effects of VCO. The selected

Vol 1 (1&2)



primer and probe sequences designed from the exon-
exon junction sequences of the key targets to satisfy the
set parameters were shown in Table 5.

Table 5. Primers and Probes of Key Targets. Table shows
the key targets with their corresponding primer and probe
sequences.

# | KeyTarget Primer Sequence Probe Sequence

Le Primer CCTTCCTCACAGCCCTGAAG
AT TACTCTTTCCAGACCCACGACCGC

Right Prmer CGTTGGOGTACTCCATGACA
Let Primer ACAGGGAGCAGATCARACGG
2 HRAS TGTGGAATCTCGGCAGGCTCAG
Right Primer
Let Primer GGCTACTGATGCCTGAGGAA
3 | HSPSOAAT CAGTACGCTTGGGAGTCCTCAGCA
Right Primer AAAGGCGAACGTCTCAACCT
LetPrimer | TGAATTCCAAGGGCTACACCA
MAPKY TTTCTAACAGGCCOCATCTTTCCAGGL
Right Primet CCAAAATGTGGTTCAGCTGGT
et Prime: AGGAAATCACAGGGTTTTTGE
s| eerr TGATTCAGGCTTGGOCTGAAA
Right Primer GOTTCTCARAGGCATGEAGS
Let Prime: ATGAAGCTCTCCAACACCCG

MAPKB TGTCTGGTATGATCCTTCTGAAGCAL

GGATCTTTGGTGGTGGAGCT

RHOA

CCAAGATGAAGCAGGAGCCGGTGA

TCTTGGACAGGAACCAGGGA
SRt TAGAGGGCATGGTGGAGATCTTCGE
RightPrimer |  COGAGATGATGTAGCCAGCA

GCCATT GAAAAGABAGGTCTGGA
PIK3RS CAACT CTATACAGAACACAGAGCTC(
RightPrimer |  TOGTAATTCTGCCAGGTTGCT

GGTGATTGACGACGCCTTTG
MNP CTCACCTT CACTCGCGTGTACAGS

CTGGATGACGATGTCTGOGT

The set parameters were critical in designing these
primers and probes to optimize RT-PCR and assure
product formation (Abd-Elsalam, 2003) for good analytic
performance and high-throughput gene expression
assay (Bittker, 2012). Primers and probes are sequences
used for in vitro studies such as the quantification of gene
expression regarding VCO’s possible TF inhibitory
activity.

The information on VCO chemical constituents and their
predicted targets were obtained from several public
databases. Thus, the quality of the databases is reflected
on the data used in this study (Supplementary
information). Lack of information on the compounds may
fail to generate data for some active components and
targets. Moreover, when screening for the active
components and targets were executed, specific
screening parameters and thresholds were selected.
These parameters and thresholds affect the number of
active components and targets obtained forinvestigation.
All these factors impact the final analysis. Thus, the
predictive findings on the anti-cancer mechanism of VCO
does not serve as hard evidence.

4. CONCLUSION AND RECOMMENDATIONS

VCQO’s anti-cancer mechanism which is essential in
determining its potential as CAM against cancer
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remains unclear. Hence, the study was conducted to
elucidate the anti-cancer mechanism of action that VCO
depicts through an in silico approach.

The VCO active components determined after OB, DL,
and Pa for anti-cancer activity screening were 2-
heptanone and 2-pentanone which are volatile organic
compounds and dihydrokaempferol, ferulic acid, and
quercetin which were suggested to be TF inhibitors and
are phenolic compounds. Among the cancer protein
targets, AR, ESR1, ESR2, PPARD, PPARG, and RXRA
were TFs and 2-pentanone had no targets. Through
centrality analysis, the top ten key targets were
documented as AKT1, HRAS, HSP90AA1, MAPK1,
EGFR, MAPK8, RHOA, ESR1, PIK3R1, and MMP9.
Subsequently, the active components were determined
to be potential ligands of their corresponding key targets
through docking and evaluation of their binding affinity
and protein-ligand complex stability.

The top ten KEGG pathways enriched among cancer
protein targets were pathways in cancer, focal adhesion,
hepatocellular carcinoma, fluid shear stress and
atherosclerosis, endocrine resistance, prostate cancer,
colorectal cancer, PI3K-Akt signaling pathway,
proteoglycans in cancer, and Ras signaling pathway.
Having VCO active components targeting the key
proteins involved in these specific pathways contribute to
biological processes highly essential for cancer
treatmentand may aid in the treatment of specific cancers
such as hepatocellular carcinoma, prostate cancer, and
colorectal cancer. Finally, the respective primers and
probes of the top ten key targets were designed.

The data used in this study was highly dependent and
limited to information available in public databases. The
quality of public databases, screening parameters, and
thresholds used are reflected in the final analysis. Thus,
the findings on the anti-cancer mechanism of VCO does
not serve as hard evidence.

The group recommends the use of alternative softwares
and computational tools for comparison. This approach
can be used to help determine the feasibility of future
studies and further in vitro and in vivo experiments.
Lastly, VCO components that exhibit enzyme-based
inhibition may be further investigated and have their
corresponding targets designed for pertinent enzyme
inhibition assays.
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Figure S1. Outline of Specific Algorithms for Each Objective of
the In Silico Study. The figure shows a detailed outline of the
steps taken to satisfy the general and specific objectives of the
study. The orange rectangles represent the involved objective.
The green rectangles represent the input and output data while
the red rectangles represent the procedure done to obtain the
expected output. Lastly, the pink rectangles found beneath
each procedure represent the specifications of the algorithms
used.

Figure S2. PPl Network of All Targets of VCO Active
Components. Image shows all 291 significant protein targets of
the 4 active components of VCO from STRING. The targets
involved in the human pathways of cancer from the KEGG
database or the cancer protein targets are represented by red
nodes.
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Lot

Figure S3. PPl Network of Cancer Protein Targets. Image
shows the network of the protein to protein interactions (PPI) of
the cancer protein targets of the VCO active components. The
cancer protein targets are represented by red nodes in the
cancerous network.

Table S1. VCO Components and Controls. Table shows the
source, canonical SMILES, and 2D structures of the classified
chemical components of VCO extracted from obtained papers
and the selected controls for virtual screening.

P Source Canonical SMLES s
Monoglycendes
1 tMondarn | (Deyitetal 2008 COCO000CCONN{=0/0CCE00
2 ZMondaurn | (Dayitetsl. 203 CCCCCOCCCO0C=0I0CC0)C0
Dighcardes
Co00000Co00000CK; = ,
3 12-Dpamiin |  (Dayitetal, 209 OW
4 13Dpamin | (Dayitetal, 2008 (=000C0C=0)
CCCCOCCC0aCo0CC0
Fatty Aods
5 CapicAcd | (Marinaetal 2005) COOCCOC00N=0}0
8 Capoichod | (Marnsetal 2009) QCCo0q=00
Vol 1 (1&2)



7| CaryicAcd (Maring ot o 2009) CCCCCeCe-0)0 19|Eny Octancate |  Santos et al.2011) ©OCOoCOCC=010Ce
8| LarcAod (Masira ot o 2008) CCOCCOCeecol(-0)0 20 e ara Santos o 3. 2011) ccoocc=0
| UnokcAcd  (Madna et o 2009) COCCOC-COC-CECeceect =00 T ) || Seedess.ann corcanpaiE0e
22| nOawe (Sartos &8 3.2011) coccocee
10| Myrisic Acd (Masina et o 2008) CCCOoCCeCoceeeo=o0p
23]  Nemany Santos et 3 2011) coocoococ=0
11| OlacAdd (Musra et o 2009) CCCCCCLC=0CCeoeecec=0)0
24| B-Deciactors |  (Santos et 3l 2011) CCCCCCI0CCC =010
12| Pamsc Acd (Manrss et 3 2008) cocecoccecocececco =010
25] SOctancione Sartos et &l _2011) COCC10CCC(=001
13] SwacAcd (Masra ot ., 2008) oceoocececoeecceccoc(-o)0
Praccic Compouras
Vamie Orgene Conpouds
7.0 Metry! C1CICI0C2=00 =00 =021 0400 ICICLCIC T
w 17
| caman (Wom ot . 2017) O3CO0 PO L= COECC=CH0 00
14| 2 Hegraone (S etd, 2011) CCoCCo -0
27| Camer Ace Manna ot 2l 2009) C 100 =0C =C1C= COE 0101010
15| 2 Permanone (Smiozetd 2011) [oe veile) o
Dinyamksemote C1=COEC C=C1C 20IC(=0 C3=CIC=CIC=CI
(e al. 2017)
- res e 020PPP
18] Acetc Acd (Smosotal 2011) 00
- C1=C 2C3=C( O=C 1001001 =0 )C4= CO= CIY
29 Elagc Acie (ham et 3i, 2017) =430 Feye)
17| Ednd Acotee (Sne=etd 2011) COOC{=0)C
0| Feuicacs (¥ ot ai. 2017) COCH=0(C=CO(=C1)C=CCE=0 00
18 &.E’M (Sanim ot 2011) CCOCCOCCOC-0)00C 31| Galic xcia (ham ot al., 2017) C1:C(C=C(CEC 1010101C= 010
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Table S2. Oral Bioavailability of VCO Components and
Controls. Table shows the oral bioavailability and filter results
of the components of VCO and the used controls. In this
table, 1 signifies that the compound passed through the
specific filter by satisfying its rule while O signifies a violation
was made by the compound. Components that generated an
OB score > 0.5 and passed the three filters were selected for
further screening.

o8 Gty
¢ | VCO Component 8006 Lipinsii's | Vabar's | Egan’'s Bioavallabl
®
1 +Moolausn ass 1 0 1 NO
2 2 Mowiausn ass 1 0 1 NO
_)' 12-Dipdrmign aw 0 0 0 NO
4 1.3-Dpdmin aw 0 0 0 NO
5 Capric Acd ass 1 1 1 YES
8 Cagrac Acd ass 1 1 1 YES
—1
7 Cxryfic Acd 0 1 1 1 YES
8 Lausc Acd 0% 1 1 1 YES
g Unolec Acd ase 0 0 0 NO
10 Myrissc Aad 058 1 0 1 NO
T Clec Aad 06 0 0 0 NO
12 Pamic Acd 05 0 0 1 NO
13 Sweanic Aod 0se 0 0 0 NO
14 2 Hepanone ass 1 1 1 YES
15 2Pmmnane s 1 1 1 YES
18 Acetic Acd 0s 1 1 1 YES
17 Ehyl Acet e ass 1 1 1 YES
18 | Efyl Decnoate ass 1 1 1 YES
-
19 £yl Ocanoate ass 1 1 1 YES
T Hexnad ass 1 1 1 YES
21 Umoene ass 1 1 1 YES
22 n-Octare ass 0 1 1 NO
23 Normanad 0.55 1 1 1 YES
2—: 5 Decdxaone ass 1 1 1 YES
25 5 Oasacone ass 1 1 1 YES
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7-0-Mothy Table S4. Probability of Anti-Cancer and TF Inhibitory Activity of OB-
- Catechin 843 o B ° NO and DL-Screened VCO Components and Controls. Table shows the
anti-cancer activity probability scores (Pa and Pi) of the VCO
27 Catteic Acia 0.56 1 1 1 YES )
components and used controls that passed both OB-and DL-screening.
22 | Diryoroksemoteret | 055 1 1 1 YES Components that generated a Pa value > 0.6 for anticarcinogenic and
2 Eilagic Acid 055 g o o MO antlr)(_aoplastlc activities were suggested to ex_hlb_lt_antl-canpgr activity.
Additionally, the probability scores for TF inhibitory activity of the
20 Farsic Acid 058 S ! : VES candidate anti-cancer VCO components and the used controls were
31 Gallic Acid 056 1 0 1 NO shown. The active components that generated a Pa value > 0.4 for
inhibitory activity were suggested to exhibit the mentioned activity. The
e Myricatin-3.0- - xn .
32 flasynsR 0.17 ¢ c 2 NO represents cells that were intended to be empty.
Anticarcinogen | Antineopiastc
33 | oCoumarc Acic | 056 1 1 1 YES ¥l vose ot | e Aty Lctvity t b y
. NEREREE R m | AV
M |Prowcatechuic Acia|l 056 1 1 1 YES
1 Cagric Acd 035 | 0039 | Q460 | Q0S8 NO " "
35 Quercetn 055 1 1 1 YES 2 Caproc Acd 0359 | 0039 | 0480 | Q0SA NO
3 Capryfic Aad 0359 | 0039 | 0480 | 0058 NO
3% | RosmarinicAcia | 056 1 0 0 NO
B Laric Aod 0359 | 0039 | 0480 | 0OS8 NO
7 Syingic Acke 056 1 1 1 YES 5 2 Hegtarone 0261 | 0077 | 0638 | 0008 YES a3 0017 NO
A = = é 2 Pertyom 0259 | 0078 | Q7S | QO00¢ YES 037 0012 NO
3= Vanrillic Acie 056 1 1 1 YES
7 Acnic Aod Nodata (Cabons <3)
k) Cholesterol 055 0 1 0 NO 8 Efnl Acomie 0315] 0053 | 02ea | 003 NO
40 o-Tocoohercl 055 o o o NO El Ehyl Octnaxe Q301| 0058 | 0455 | Qo8 NO
10 Hexarml 0241| 0087 | 0278 | Q012 NO
41 ipcistssie 0.56 1 1 1 YES 0 Nonara) 0241| oo | 0278 | aor2 NO
12 5 Decalacione 0217] 0104 | 0483 o NO
A 1 2-Dicigoylsac- : 13 5 0ctdxcone 0203] Q11 | Q42| QO0: NO
42 gycem 0.17 0 0 0 NO
(. control) ® Caflec Acd A571] Q0 | G530 | ao0&d NO
s Ohydokaenpiod 07%2] 0005 | Q715 | oG8 YES a4 0.e YES
Table S3. Drug-Likeness of OB-Screened VCO Components and 6 Feruic Acd 0616| 0012 | 0801 | 00%s | vEs | oew | ooo7 | ves
Controls. Table shows the drug-likeness scores (Weighted QED and 17| pOoumaicAcd | 058) 0015| 082 | 0.085 NO : 8 ;
Unweighted QED) of the VCO components and used controls that 18| ProocsechicAcd | 0387| 0033 | 0407 | 0101 NO
passed OB-screening. Components generated an W QED and UW 9 Quxcein 0757] 0007 | a797 | Q012 YES | a& | 008 Yes
QED score > 0.35 were selected for further screening. » Syingic Acd 0413 002 | 040 | G006 asd
21 Vanilic Aod 0413| 0026 | Q388 | Q119 NO

£ VCO Component WQED UWGQED | DRUGLIKE
1 Cagric Aod 0501 as2s Yes
2 Caprac Acd 0585 063 YES
3 Caprylc Acd 0548 asm YES
4 Launc Aod 0443 0467 Yes
5 2 Heptyrone 057 048 YES
6 2 Pertavne 0438 0441 YES
7 Acesc Aod 047 0577 YES
8 £yl Acetxte 0425 asa YES
] Efyl Decroate 0346 42 NO
10 Efyf Octroae 0378 L3 YES
1" Hexaral 0441 0415 YES
2 Limonene 04388 03 NO
13 Nonaal 041 038 YES
1 SDecalactne 0319 0sen YES
15 & Octdacsone 0476 ass YES
16 Caffec Acd 0581 0858 YES
17 Dhydroaempiord 0839 0638 YES
18 Ferdic Acd 0.748 as@ YES
19 p Coumaric Aad 0877 Q748 YES
2 Praocsechuc Acd 0554 asx Yes
2 Quorcetn 0458 0487 YES
Syringc Acd 0767 o781 YES
Vanilic Aod 074 a7se YES
2¢ o ans  0s@ YES
o5 [PADNGmE . 0.000 0.000 NO
glycenl coneml)
Vol 1 (1&2)

Table S5. Protein Targets of VCO Active Components. Table shows the
predicted significant protein target of each active component of VCO
which totals 291 distinct proteins. The proteins are represented by their
HGNC symbols. The second column shows the targets of 2-heptanone;
the third column shows the targets of 2-pentanone; the fourth column
indicates the targets of dihydrokaempferol; the fifth columnindicates the
targets of ferulic acid; and the targets of quercetin are indicated at the
sixth column. The “*” represents cells that were intended to be empty.

|Significant Targets

* 2-Heptanone | s‘zi'ﬁ"c':,"'t"{," Dihydrokaempferol | Ferulic Acid Quercetin
n ABL1 * ABL1 ABO ABLT

2 ACADM * ABO ACAT1 [ABO

B ADAMTS17 * JADAM17 JAK1 ACATT
B ADHIC ' ADAMTS17 AKT1 ACPP
5 JAKR1B1 ' JADH1C AKT2 ADAM1?
3 AKRIC2 * ADH5 LB /ADAM33
7 ALB * ADK AMD1 ADAMTS17
B AR - AHCY AMY1B |ADRS
£l BIRC? ' AKR1B1 APRT ADK
1o BRAF * AKR1C1 ARG2 laHCY
i1 ca2 ' AKRIC3 [ARHGAP1 AKRTBT
f2 conaz ' AKT1 BAGE1 AKRICH
3 icok2 * ALB BAT1 AKR1C2
fia [CHEK1T ' JALDHZ BCAT2 AKRIC3
f15 CRABP2 ' /ALDOA BMPT AKT2
6 DCK ’ AMD1 BRAF ALDHZ
7 DHODH ' jAmY18 BST1 ALDOA
h8 DPPA * AMY2A fces laMD1
f9 EGFR ' ANG [ AMY1A
20 EPHE4 ' APOA2 CDK2 AMY1A
1 ERBE4 * AR CDK8 |anG
22 F10 * ARHGAP1 COK7 WPRT
23 F2 ’ JARLSA CcFB ARG2
24 FKBP1A ' ATOX1 CHEK1 ARHGAP1

PJBMB 50



25 FOLH1 BIGAT! CLK1 ARLEA 101 HO/CB RACT HMGCR
2 GSK3B BACE" CMAY ARSA 102 HEXB RACZ HPRTY
27 GSTPt BCAT2 CTSK ATIC 103 HK1 RAF1 HRAS
28 HCK 8CHE CTSS ATOX1 104 HWGCR RAN HSD1781
23 HDACS BHMT DAPK1 BIGAT1 105 HNMT RAF2A HEPSOALT
%) HNFAG BIRCT OCK BACE! 106 HPaos RARG T}
3 HNMT BRAF DCXR BCAT2 107 HRAS REN MPOH2
32 HPN BST1 DHFR BCHE 102 HEO 181 BHOA NER
2 HSD1181 cat DTYMK BHMT 109 HED 1781 ANASE2 JAK2
24 HSD1781 caz out BIRCT 110 1R s08 JAK3
35 INSR CASPY EGFR BMP7 11 2 SHMT1 ¥ATZE
*® JARZ CBR1 EIF4E 8sT1 12 e A 5002 KE11
37 KOR Cas EPHAZ CiR 13 WPOHZ SULTIEN KiT
* K CONaz EPHE4 Cat2 14 WNER swTzet LK
3 LCK CCNT1 ESR1 cA2 o — T o
40 LGALSS CDA F10 CASP1 e — = DI
Bl LTASH co208 F7 CBRI 17 1063 ™1 LGALS3
42 MAQB CDA FGFRT cas o P —e: 7
43 MAPK1 core FGG CenT1 13 KOR Y] LThan
4 MAPKID COKER! FREPIA CDIA — — 1 — =
45 MAPK14 CoKe FKEF1B c0209 o = — —
hic MAPKS cest GALE co2 122 LCK WARS MAPK 10
i MET o8 G chvs 1232 LGALS3 YARS MARK 14
:: “;::2 u‘?‘;‘ ;::; ‘;ED‘S‘: 124 Taen : s

125 LYz MIPHAPH2Z
) NOS3 CHIT1 GWPR2 CFB = PrrP— —_—
51 NCOT CLECAM GPIEA CHTT

127 MAPK 14 MTE
52 £DE8 CLK1 Gexaa CLECAM = = - —
£ PDE4B CRABF2 3 cLt -
54 FDPK1 CSNK1G2 GSTA1 CSNK1G2 = s —=n
55 PN CTNNAT GSTA CTSK = - il
= PRA o GoTIT CTss ot il _ il
57 PLA2G2A cTss GSTM2 CYF2C8 o == : it
% FNNT CYRisAT aSTT28 oK i e s
) FPARG oYPXs HADH DHODH e e _ i
= FRIA DCK HOACE PPl 135 MR NR3C1
&1 FTPNI DHFR HIGCR DTYMK 8 axaadle - et
) RARG DHODH HPGDS EGFR L i _ ol
B ET07 oFP4 HRAS EFE 18 oo _ o
4 SHEG DUSS HSPAAT ELANE L b Fas
25 SORD ouT HSPAS EPHAZ L e i
) SULT281 £2A) IMPDH! EPHB4 o oons _ Al
&7 TEK EGFR 1SG20 EPHX2 142 o83 _ Poc3s
83 TR EIF4E TPKA ERI1 Lo MO0 PORS
& TYMS ELANE KAT28 ESR1 s dcclada z FoEm
70 YARS EPHB4 KDR ESR2 145 NR1H3 e POESA
T - EPHZ KIF11 ESRRG ue NR1H . PoHe
72 - SREEd KT F10 47 NR1R2 . POPK1
7 . ESR1 Lz Fi1 148 Nsuwz . PGR
74 % ESR2 MAN1B1 R 149 onT = PR 1
75 - ESRRG MAPK10 FAER4 150 arc 2 P
7% . F1 MAPK14 FAP 151 PAH . PITPNA
77 B Fi1 MAPKS FGFR1 152 Pex1 i PLAZG 10
78 - F2 MIF FHIT 153 POELD PLU
78 * ET MME FKBP1A 154 POESA S PLK1
20 G FABP4 MMP18 GEA 155 Pos8 PRI
31 . FECH MMPE GCK 1% sl i PPcoc
82 . FGG MTAR GLOT 157 P : PPiA
82 - FKBP1A NDST1 QTP 158 PGR PREACA
E] s FKEF1E NGAL GUZA 159 ] PTEN
35 s FNTA NOS2 GUFR 160 PRI : FYGL
22 . GART NOS2 GIPR2 161 PLU RIS1IA
87 . GBA orc GP1BA 162 ENE RIE5A
88 - GCOH PAH GPBAR! 163 PRIRA R/
83 = GCK PAKS GPl 164 PRARD e RAN
90 ® GMPR PAPSS1 GSKB8 165 PPIA REG1A
31 : GNPDAT PCK1 GSR 166 PRXACA RHE
2 - GPl PDESB GSTA3 167 PYGL . RH0A
2 . Gsaa PDE4D GSTI2 163 REP4 - RND3
94 - GSR PDESA GSTT28 169 RHEB SELE
85 i GSTAZ PDPK1 HAGH 170 RNASED SHEG
9% ® GSTM1 PIM1 HCK 171 RXRA e SHMT1
97 5 GSTM2 PKLR HDACS 172 SELE ) soo2
98 = GSTP1 PSPH HEXB 173 =107 SORD
25 s GSTT28 FTR2 HINT1 174 T =C
100 - HCK RAB11A HK1 175 SHMT1 = SEM
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Table S7. Topological Data of Cancerous PPI Network. Table shows the

176 - - Son2 - SULT281 X .
== . > ey s = topological features of the PPI network of cancer protein targets that
78 . . SULTIET - ™R were generated after network topological analysis.
i S = SULTAT . Jress Parameters Numerical Value
180 S ° TGFB2 * TYMP - -
0 5 = TON3 . MS Clustering coefficient 0673
182 . . TPSE2 . UCK2 Connected components 1
183 . . e . UMPS Network diameter 3
e - = Ioe - AL Network radius 2
185 ucK2 WARS
oy . = v P AP Network centralization 04
187 < S VDR S YARS Shortest paths 2352 (100%)
184 . N WARS . ZAPTO Characteristic path length 18
189 - - XIAP - - -
oy = - oS ~ S Avg. number of neighbors 15.592
- . . 22070 . . Number of nodes 49
Number of edges 382
Table S6. Cancer Protein Targets of VCO Active Components. Table Network density 0325
shows the 49 distinct cancer protein targets of the VCO active Network heterogenetty 0578
components and their corresponding HGNC symbols. Isolated nodes 0
Number of self-loops 0
i Targets Symhiol Multi-edge node pairs 0
1 Proto-oncoge ne tyrosine-protein kinase ABL 1 ABL1
2 RAC-alpha serinethreonine-proin kinase AKT1 Table S8. Binding Affinity of the Docked VCO Active Components and
3 RAC-bata serine threonin e-protein kinase AKT2 Key Targets. Table shows all nine binding affinities of the different
4 Androgen receptor AR conformations of the docked VCO active components (ligands) with
5 Baculowiral IAP repeatcontaining protein 7 BIRCT their corresponding key cancer protein targets (receptor proteins) and
-] B-Raf prop-oncogene serinathreonine-protein kinase BRAF F'gure S3 reference.
7 Cell division protein knase 2 CDK2 2 Ligand Rarach: Binding Affinity (kealimol)
) Cell Givision protein lnase 6 coKe —_ (st liand 1 and) @IS 607l ‘Bih S
: warkt  [41]3s8]-2s 25|28 38 38 27 27
S Catwenin alpha-1 CTNNAT 1| 2-Hepmnone EGFR | 3.7 | 36 |36 35|35 34 34 34 34
10 Death-assoca ed protein kinase 1 DAPK1 MaPKs 444442 40|40 235 28 37 37
1 Epidermal growth &ctor recepior EGFR AKT 1 80|73]73 72]70 €5 68 68 87
12 Estrogen receptor ceomt HRAS [85]|84[82 £1]61 58 58 57 58
ih P eGFR |88| 68|64 64[82 51 81 81 80
12 Estrogen receptor bel EsR2 Dy v
) 2 ol warke [81fsof75 7472 72 69 87 &5
14 Basic fibroblast growth &ctor receptor 1 FGFR1 ESR1 75|85 |87 22|82 81 21 B0 B0
13 Gilyoogen synthase kinase-2 beta GsKas wMPs | 83]8o0|80 78|78 75 74 72 71
18 Glutathione S-transferase Al GSTA1 AKT1 86|62[60 S59[58 57 56 55 54
17 Glutathione S-vransferase A2 GSTA3 HRAS £33 |52 51|50 -50 50 43 438
Ty Glutathions S-ransErase Mo 1 GoThT HSPM0AAT |e8| 68|84 535|577 57 58 58 54
N N 3| FerscaAcd EGFR [58|55[64 52|52 52 52 51 50
19 Giutathione S-transterase Mu 2 GsTM2 WAFKE |87 |82 |01 50|58 =535 55 55 58
0 Giutathione S-transferase P GSTP1 RHOA |59 |56 |55 54|53 53 52 52 5.1
21 Giutathione S-transferase them-2 GsTT28 ESR1 8323|6055 54[54 53 51 50 50
o GTPas HR3= HRAS HRAS 75|71 |87 #5863 82 £2 £1 6.0
: HePwaat | 80|77 ]-74 72|71 70 89 88 &7
2 HSP 30-3 HSFS0AA 1
— e & e ipha EGFR |73 |-72|-71 59|88 88 56 88 &5
24 OBl Wce growh Soior 't racapior IGFIR 4| Quercemn MAPKS | 84 |79 |76 75|75 75 73 71 89
25 In e ulen-2 -2 RHOA | 89| 86|84 84|62 B2 B1 80 B0
28 Tyosine-proein kinase JAK2 JAKZ ESR1 J3|£5|£4 £4|£2 £1 BH1 L1 &
27 Tyosine-prokein kinase JAK2 JAK2 PIKIR1 LE|£8|£4 £4|£4 £2 £2 £2 B2
28 Mastsem oell growth facor receptor KIT Table S9. Primers of Key Targets. Table shows the left and right primers
23 Mibgen-actvated pro®in kinase 1 MAPK1 of the key cancer protein targets with their corresponding starting
20 Mitogen-activated protein kinase 10 MAPK10 position, number of base pairs (length), melting temperature (Tm),
31 Mibgen-actvated protin kinase 8 MAPKS guanine-cytosine (GC) content, query cover (QC), E value, and the
a2 Hepa Doyt growth facor receptor MET product size of the amplicon.
33 Maroc metalioproeinase-9 MMPS 2 Key Target Primer Parameters
24 Nitic oxde synthase, inducible NCS2 LaiPisaar D a_— Strt: 58 Length: 20bp
35 NAD(P)H dehydrogenase fguinone] 1 NQO1 Tm80.0C GC:00.0%
28 Slacent growth Scotor PGF VAT ot Primer CGTTGGCGTACTCCATGACA S LagH-Obp
- = - Tm&4C GC:55.0%
a7 Phospha tdy -k g y subunit aipha PIK32R1 Ampicon Product Sze: 72 bp ac 100% T ale 047
38 Prop-oncogens senne fireonine- protein kinase Pim-1 PIM1 Start 178 Length: 20 bp
Left Primer ACAGGGAGCAGATCAAACGG - "
39 Peroxasome proliferator-act vated receptor deis PPARD Tm80.0C GC:55.0%
40 Feroxisome proliferator-activaied receptor gamma FPARG 2 | HRAS Right Primer GTAGGGGATGCCGTAGCTTC Start 312 Length: 20bp
a2 o 3 Tme0.0C GC:60.0%
41 cAMP-dependent proein kinase, 3lpha-catahytic subunit PRKACA Aot FrodeiSae 17708 a0 100% & vahow 0T
42 Focal adhesion kinase 1 PTK2 Start 204 Length: 20bp
42 Rasrelated C32 botulinum toxin substrate 1 RACH Laft Primar COCTACTOATOOCTRAGOM, TmEs2C GC-55.0%
R Ras-related C3 botulinum toxin substrate 2 RAC2 3 |HSPI0AAT Right Primer AAAGGCGAACGTCTCAACCT TSB_R 277 Lef‘vﬂ: 20:9
45 RAF proto-oncogen e senne threonine-protein kinase RAF1 meAC SC 0%
. € Amplicon Product Sze: 74 bp QC: 100% E valve: 0.12
45 Transorming proein RhoA RHOA St 107 Langth: 215p
47 Re tnoic acid re ce pior RXR-3lpha RXRA Left Primer TGAATTCCAAGGGCTACACCA e GC.#.O‘.!.
43 Transrming growth facorbes-2 TGFB2 4 | masKt Right s AL S Start 232 Length: 21 bp
43 Baculoviral IAF re peat-con tsining protein 4 XaP Tm353C GC:478%
Ampicon Product Sze: 126 bp QC: 100% E value: 047
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Sort 83 Length: 210p
Pamer GGAAATCACAGGGTTTTT
L AeaAAT o Tm572C GC. 429%
5| eom Sart 134 520
RghtFrimer | GGTTCTCAAAGGCATGGAGG Leoh:20bp
Tmi225C GC:550%
Amplicon ProductSize: 72 bp QC: 100% E value: 047
Lek Famer ATGAAGCTCT CCAACACCCG St &7 {mghc20te
Tm:800C GC.550%
e | weexs ST Sart 141 Lengh 20bp
PO Frier aeAe Tm 597 C GC. 550 %
Amoioon ProguctSae: 75 60 oC: 100% E vaivs: 047
LeftPrmer | TOGACAGCCCTGATAGTTTAGRARA |— oot 101 Lengh 250p
Tm 200 C GC. 400 %
7| rHoA ] Sart 178 Lengh 20bp
Pt i SRCACORTOBONCACAATS Trm 593 C GC 0%
Amplicon ProductSze: 76 bp QC: 100% £ vaue: 047
Start 130 Lengh 205p
LettPimer | TCTT CCAGGGA
* T Tme0IC |  GC50%
Bl B | memer|  CCOAGATGATGTAGCCAGCA e Laeat 200
Tm 558C GC.550%
Amphoon Srodud Se= 77 bp ac 100% E alve 047
i = — Sar e Tengh 236p
Pimer | GCCATTGAARAGARAGG
Tm334C GC435%
g | PRt - Stam 152 Lengh: 21 59
RightPrimer | TCGTAATTCTGCCAGGTTGCT S TS
Amphcon Product Sze: 75bp QC: 100% E vabe 0011
: Sort 34 Lengh 2000
LeRt Pémar GGTGATT GACGACGCCTTTG B e
10 1 =
WIS | gntevimer | CTG@ATGACGATGTCTGOGT Stat 139 Lengt: 20bp
Tme02C GC550%
Ampoon Froduc Sae: 10369 oC 100% E aion. 047

Table S10. Probes of Key Targets. Table shows the probe sequences
of the key targets with their length, melting temperature (Tm), annealing
temperature (Ta), guanine-cytosine (GC) content, query cover (QC),
change in Gibbs free energy (AG), and amplicon length.

Tm | Ta GC | QC 46 licor

f::n Fobe Smnce et eey [ra o9 [ o0 | o) T:w
1 AKT1 TACTCTTTCCAGACCCACGACCGC 24 €9 55 3 100 047 72
2 HRAS TCTGGAATCTCGGCAGGCTCAG 2 &8 55 -] 100 099 137
3 |HSP0AA1| CAGTACGCTTGGGAGTCCTCAGCA 24 (.14 = 58 | 00| -1.%8 74
4| MAPKY | TTTCTAACAGGCCCATCTTTCCAGGG 22 es 54 0 | 00| -1.18 12¢
5 EGFR TGATICAGGCTIGGCCTGAAA 21 85 v 43 100 | -568 72
8| MAPKB | TGTCTGGTATGATCCTTCTGAAGCAG 2 88 55 & 100 | -0.15 7
7 RHOA CCAAGATGAAGCAGGAGCCGGTGA 24 a7 55 58 | w00 | -088 ™
8 ESR1 TAGAGGGCATGGTGGAGATCTTCGA Y- es 54 2 | 100 oes rd
9| PIK3R1 |CAACTCTATACAGAACACAGAGCTCC ..} o4 = @ 100 -0.97 ™
10| MVPS CTCACCTTCACTCGCGTGTACAGC 24 es 54 L] %00 | -1.00 103
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Abstract: Allium sativum, commonly known as “bawang’, is one of the economically important crops in the Philippines
mainly for spice and other uses including herbal medicine for hypertension and cancer. Several studies showing therapeutic
properties of garlic often do not disclose the variety used while typical varietal identification rely on phenotypic or agronomic
traits which may be inadequate to define distinct variants. This study aimed to evaluate the utility of chloroplast genes, rbcL
and matK, as well as Sequence-Related Amplified Polymorphism (SRAP) to define and characterize five A. sativum varieties
grown in the Philippines. Five garlic varieties (i.e., GNT4, GMX6, IP3A, GMR10 and GTB17) were collected from a demo
farm in Batac, llocos Norte, Philippines. The bulbs were made to grow roots which were subsequently used for DNA
extraction and PCR analysis. Results showed that PCR amplified sequences of rbcL and matK genes were able to identify
A. sativum varieties with ample discriminatory power to differentiate closely related species. The identified SRAP markers
were also able to show a degree of polymorphism among the five local varieties. The rbcL sequences were highly conserved,
the matK-sequences were able to discriminate GTB17 while the SRAP using the primer combinations ME1-EM3 and ME3-
EM3 discriminated all the five varieties. A summary of the concatenated molecular features of the five varieties was provided.
Albeit preliminary, the study was able to show the potential of matK and SRAP in discriminating the local A. sativum varieties
from each other and from other varieties of different origin.

Keywords: Allium sativum, molecular characterization, rbcL, matK, SRAP

1. INTRODUCTION Fufa, 2019). It contains chemically active compounds
known for their therapeutic effects like flavonoids,
Allium sativum, commonly known as garlic or “bawang” saponins, essential oils, etc. and biologically active

in the Philippines, is an herbaceous monocot plantmost ~ compounds - which have antibiotic and fungicidal
distinguishable by the bulb at its leaf base. It belongs to properties. In addition, it also has beneficial effects on

the family Amaryllidaceae and is believed to have the cardiovascular system and in cancer (Lanzotti, 2007;
originated from Central Asia, although it is now widely ~ Banerjee & Maulik, 2002; Kumar et al., 2010; Li et al.,
used worldwide as a food additive or spice (Quisimbing, 2018). Furthermore, A. sativum has also been found by
1978; Fritsch & Friesen, 2002; Block, 2010; Agarwal, some researches to have activities against insects,
1996). It has also been known as a natural treatment for nematodes, rodents, and mollusks (Amonkar & Reeves,
various ilinesses or diseases as it exhibits antimicrobial, 1970; Singh & Singh, 2008; Nwanchukwu & Asawalam,
antiseptic, antitoxic, antiviral effects and acts as 2014).

depurative, diuretic, expectorant, etc. (Agarwal, 1996,
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A. sativum, along with A. cepa, commonly known as
onion, have varying characteristics such as size, color,
flavor and more importantly, chemical components,
making them important in traditional medicine, food
additive, and in many other aspects (Boukeria et al.,
2016). The Philippine Bureau of Plant Industry identified
six A. sativum varieties that are produced in the
Philippines. These are the llocos White, Tan Bolters,
Batanes White, Batangas White, llocos Pink and Nueva
Ecija Pink. In addition to these, the Mariano Marcos State
University in Batac, llocos Norte also produces the
Native, Mexican and Miracle varieties. Different garlic
varieties have different chemical profiles that may be
responsible for pest and disease resistance, as well as its
medicinal properties. Moreno et al. (2016) determined
the difference in chemical profile and cytotoxic activity of
two varieties, llocos White and Native garlic.

The Consortium of Barcode of Life (CBOL) has
recommended rbcL for its universality, and matK for its
discriminatory power (CBOL, 2009), and these have
been used for the identification and phylogenetic analysis
of Allium species (Ipek et al., 2014; Lee et al., 2017,
Abugalieva et al., 2017; Zarei et al., 2020). Sequence-
Related Amplified Polymorphism (SRAP) markers have
also been demonstrated to reveal 69.1% polymorphicloci
in 40 garlic germplasms from China (Chen, et al., 2013).
With these, the study aimed to aimed to evaluate the utility
of chloroplast genes, rbcL and matK, as well as
Sequence-Related Amplified Polymorphism (SRAP) to
define and characterize five A. sativum varieties grown in
the Philippines.

2. METHODOLOGY

2.1. Acquisition of Samples

Garlic varieties that were readily available at the time of
sampling were collected from the demo farm of Mariano
Marcos State University in Batac, llocos Norte,
Philippines (Table 1). Bulb specimens for each variety
were vacuum sealed until used for germination of the
cloves. Further experimentation was conducted at the
Department of Biochemistry and Molecular Biology
(DBMB), University of the Philippines — Manila.

Table 1. Local garlic varieties collected from Batac, llocos
Norte, Philippines that was used in this study

Genbank
Sg?dpele Identification Locality Acc;(s)sion
GNT4 Native MN239994
GMX6 Mexican Batﬁf'r{'ocos MN239995
IP3A llocos Pink ph“i(:)p?r;es MN239996
GMR10 Miracle MN239997
GTB17 Tan Bolters MN239998

2.2 DNA Extraction

One garlic bulb specimen for each variety was used for
DNA extraction. Garlic cloves were pealed and half-
submerged in water using floaters to allow roots to grow.
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About 1 cm of the root tips were cut and used for DNA
extraction. DNA extraction was performed following the
manufacturer’'s protocol for i-genomic Plant DNA
Extraction Mini Kits (iNTRON Biotechnology, South
Korea). Briefly, 50 mg of the root tips were homogenized
in a 1.5 mL microcentrifuge tube using a micropestle.
Binding, washing and elution of DNA was performed in a
spin column. To verify the success of extraction, samples
were subjected to 1.2% agarose gel electrophoresis with
0.5X TAE buffer and 1uL GelRed and visualized through
a gel documentation system (Bio-rad, USA). Garlic root
DNA isolates were then stored in -20°C freezer until used
for PCR amplification.

2.3 PCR Amplification, Agarose Gel Electrophoresis,
DNA Sequencing, and Sequence-Related Amplified
Polymorphism (SRAP) Analysis

Three markers (rbcL, matKand SRAP)were used in PCR
amplification using the Bio-rad T-100 Thermocycler
(USA). Genomic DNA was amplified using Promega
(USA), and Invitrogen Platinum Taq Polymerase for rbcL/
matK and SRAP, respectively. PCR reaction mixture and
thermal cycle profile were set up according to the
manufacturer’s protocol. Primer sequences and thermal
profile is shown in Table 2. The 30 yl PCR reaction
mixture of the markers, rbcL and matK are as follows:
22.7 uL of nuclease-free water, 3 pL of 10X PCR buffer,
1.2 yL of 50 mM MgCl,, 0.6 uL of 10 mM deoxynucleotide
triphosphates (dNTP), 0.6 pL of 10 mM forward and
reverse primers, 0.3 uL of Tag DNA polymerase (5 U/ L),
and 1 pL of the DNA template (20 ng).

Table 2. List of primer pairs used to amplify the rbcL, matK and
SRAP region. Primer combinations for SRAP were: ME1-EM3
and ME3-EM3; Thermal profile for each marker was also
presented.

Marker I:lr;r:‘;r Prlmez's?_gg)uence Thermal Profile
5. 94°C for 4 minutes,
rbcla-F  ATGTCACCACAAAC 94°C for 30
AGAGACTAAAGC-3’ seconds, 55°C for
rbel 5 30 seconds, 72°C
- for 1 minute, 35
rbcLa-R GTAAAATCAAGTCC cycles, and 72°C for

ACCRCG-3 10 minutes.
5- 94°C for 1 minute,
matK-xf  TAATTTACGATCAAT 94°C for 30
TCATTC-3’ seconds, 54°C for
matK 5 20 seconds, 72°C
matK- . for 50 seconds, 35
MALP ACAA%@I\_AA?_GJCGAA cycles and 72°C for
5 minutes.

94°C for 5 minutes,
94°C for 1 minute,
5-TGA GTC CAA 35°C for 1 minute,

ME1 ACC GGA TA-3 and 72°C for 1
SRAP ME3 5-TGA GTC CAA minute, 5 cycles;
EM3 ACC GGA AT-3 94°C for 1 minute,

5-GAC TGC GTA
CGA ATT GAC-3

50°C for 1 minute,
72°C for 1 minute,

35 cycles, and 72°C
for 5 minutes.
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Agarose gel electrophoresis was performed to verify the
presence of amplified bands using 1.2% concentration
with 0.5X TAE Buffer and 1 uL of gel red, and run at 100V
for 30 minutes. The gel containing the successfully
amplified products was visualized using gel
documentation system (Bio-Rad, USA) (Figures 1a and
2a). PCR amplicons were sentto Macrogen, South Korea
for bidirectional sequencing.

SRAP was performed using twenty-five primer
combinations to determine the polymorphic sites of each
garlic variety. The 10 pyl PCR reaction mixture of the
SRAP marker are as follows: 3.6 uL of nuclease-free
water, 5 yL of Invitrogen Master Mix, 0.2 uL of 10 mM
forward and reverse primers, and 1 puL of DNA template
(20 ng). Agarose gel electrophoresis was performed to
verify the presence of amplified polymorphic bands using
2.2% concentration with 0.5X TAE Buffer and 1 pL of gel
red and was subjected to electrophoresis at 75V for 45
minutes.  Visualization was done using gel
documentation system (Bio-Rad, USA).

2.4 Sequence Analysis for rbcL and matK

Sequence assembly and alignment was done using
Geneious Prime 2020 (http://www.geneious.com/) and
MEGA X software (Kumar, Stecher, Li, Knyaz, and
Tamura 2018), respectively. BLASTn analysis (Altschul,
et al., 1990) was generated to determine the sequence
homology to Allium sequences deposited at NCBI
GenBank. Sequences generated were trimmed at both
the 5’ and 3’ ends to obtain a consensus sequence with
high quality base calls. Allium schoenoprasum (chives),
Allium ampeloprasum (wild leek) and Allium cepa (onion)
were used as outgroup taxa to evaluate the
discriminatory power of these two markers. Maximum-
Likelihood trees were generated from the resulting
sequences using models determined by the Find Best
DNA/Protein Models (ML) algorithm of MEGA X.

2.5 SRAP Analysis

Presence (1) or absence (0) of distinct bands in the gel
image were noted and compared among the samples
used in this study as polymorphic markers (Li & Quiros,
2001).

3. RESULTS

3.1 PCR Amplification of rbcL and matK genes
Amplicons of the rbcL gene were generated from the four
local A. sativum varieties analyzed (Fig. 1).
Approximately 600 bp amplicon was generated for
GMX6, IP3A, GMR10 and GTB17. GNT4 sequence was
obtained from a previous amplification experiment (Olivar
et al, unpublished). The five rbcL sequences were
deposited in GenBank: GNT4 (MN239994), GMX6
(MN239995), IP3A (MN239996), GMR10 (MN239997)
and GTB17 (MN239998) (Table 1).

Sequences of the rbcL gene of the five local A. sativum
varieties were compared. Upon alignment and trimming,
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Figure 1. Gel profile showing PCR amplicons using (A) rbcL and
(b) matK marker resolved in 1.2% agarose gel. A 100 bp Plus
DNA ladder was used as molecular marker.

408 base pairs were obtained for length consistency in
performing the phylogenetic analysis. The BLASTn
analysis for the rbcL region generated a 99-100% identity
match with Allium sativum sequences deposited at NCBI
GenBank. A 99-100% sequence identity without other
similarity to other species is an indicator of positive
identification (Hofstetter et al., 2019).

Phylogenetic analysis was conducted on the five local A.
sativum varieties used in this study, along with seven A.
sativum reference sequences and three closely related
Allium species as outgroup (Fig.2). Analysis was done
through construction of the maximum-likelihood tree
using the Jukes-Cantor model. All five A. sativum
sequences examined in this study clustered to a single
branch with the reference A. sativum sequences
MG226586, HQ690458, KU499886 and HF572830.

GTB17 rbel

MG226586.1 Allium sativum voucher CCDB-23325-F04 rocL
[P3A rbeL

HQBA0458 1 Allium sativum isolzte 112 rbel

GMX8 rocL

KU499886.1 Allium safivum voucher A8 rbcL

GNT4 rbel.

GMR10 rbel

HF572830.1 Allium sativum rbel voucher MIB-ZPL 06929
KF769497 1 Allum satvum voucher BDUT 1450 rbcl

KF769492.1 Allum sativum voucher BDUT 1452 el
KF769498 1 Allum satwvum voucher BOUT 1451 rbel

{ MN167216.1 Alium schoenoprasum voucher 200505057 rocL
3l D38294.1 Alium cepa chioroplast rbel

HA{848754 1 Alium ampeloprasum tbel

Figure 2. Maximum Likelihood tree of aligned rbcL sequences
generated using the Jukes-Cantor model. The bootstrap
consensus tree was inferred from 1000 replicates and
condensed to >70% bootstrap values. There was a total of 408
positions in the final dataset. The tree was rooted to the
outgroup A. ampeloprasum.

The rbcL region was not able to distinguish the five
varieties from one another but were discriminated from
three other A. sativum sequences KF769497,
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KF769498 and KF769499, as well as from closely related
Allium species A. schoenoprasum, A. cepa and A.
ampeloprasum. Atotal of 54 variable sites were observed
to be responsible for the branching of these three from the
rest of the A. sativum sequences (Fig 5, A).

A similar approach was used for the analysis of the matK
gene. Sequences were obtained from the matK region of
five A. sativum variants (Figure 3). Upon alignment and
trimming, 653 base pairs were obtained for length
consistency in performing the phylogenetic analysis. The
BLASTn analysis for matK region generated a
98.63-100% identity match with the A. sativum
sequences deposited at NCBI GenBank.

— GMR10 matk

——— Gh{X6 matk

71— GNTématk

[PAAmzk

I KU489801.1 Allum satium voucher A8 matk

GTBAT matk

FQB90733.1 Allum satum isolzie K112 matk

MK167179.1 Alium schoenoprasum voucher 200505057 matk

MN167178.1 Alium cepa voucher 200503036 matk

KF769504.1 Alium safium voucher BDUT 1451 matk

0 KF769503.1 Alium saium voucher BDUT 1430 matk
_9: KET89505.1 Allum sativum voucher BOUT 1462 mak

FA(850502.1 Alium ampeloprasum matK

Figure 3. Maximum Likelihood tree of aligned matK sequences
generated using the Tamura 3-Parameter model (T92). The
bootstrap consensus tree was inferred from 1000 replicates and
condensed to >70% bootstrap values. There was a total of 653
positions in the final dataset. The tree was rooted to the
outgroup A. ampeloprasum.

Phylogenetic analysis was conducted on five local A.
sativum varieties used in this study, along with five
reference sequences and three closely related Allium
species as outgroup. Analysis was done through
construction of the maximum-likelihood tree using the
Tamura-3-parameter model (T92. A total of 45 variable
sites were observed in the matK sequence alignment of
ten A. sativum species (Fig 5, B). All five A. sativum
sequences examined in this study clustered with the
reference sequence KU499901. Meanwhile, the other
reference  sequences, HQ690733, KF769503,
KF769504 and KF769505 formed different branches.
The outgroup sequences were also successfully
discriminated from the A. sativum samples.

3.2 SRAP analysis

After visualization, out of twenty-five primer pairs only two
yielded polymorphic bands, consequently, ME1-EM3
and ME3-EM3 primer pairs were chosen. Bands resolved
after gel electrophoresis using SRAP markers were
evaluated (Figure 4). Polymorphic bands at
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Figure 4. Gel profile showing PCR amplicons from SRAP
primers combinations (A) ME1-EM3 and (B) ME3-EM3
resolved in 2.2% agarose gel. Polymorphic bands at around
1200, 1000, 800 bp (red), 300,250,200 bp (blue), 900 (green),
and 200 bp (yellow) were highlighted. A 100 bp Plus ladder was
used as molecular marker.

around 1200, 1000, 800 bp (i.e., enclosed in red box), and
300,250,200 bp (i.e., enclosed in blue box) for ME1-EM3
were generated, and 900 (i.e., enclosed in green

box), and 200 bp (i.e., enclosed in yellow box) for ME3-
EM3 were generated. A distinct polymorphic band at
around 200 bp was present in the IP3A and GMR10
varieties while a loss of the 1,200 bp band was noted in
GNT4. IP3A and GMR10 had the greatest number of
bands generated for both primers, GNT4 had the least,
followed by GMX6 and GTB17. Interestingly, GNT4 did
not produce bands for ME3-EM3. Either this was due to
failed amplification or absence of the target polymorphic
region, is subject to further investigation.

3.3 Sequence alignment and summary of concatenated
molecular profiles

The sequence alignment for rbcL and matK sequences
are summarized in Figure 5 together with the results of the
SRAP. As can be noted, from the 408-nt rbcL sequences,
no polymorphism is observed among the local varieties
studied and are thus, highly conserved, although two of
the closest relatives reported in Genbank showed
differences in nucleotide numbers 50, 174, and 327, For
the 653 nt matK-sequence, GTB17 was discriminated at
5 nucleotide positions (i.e., 4, 76, 85, 126 and 445). While
the rest of the variants have similar matK-sequences,
they differ from the closest relatives reported in Genbank
in nucleotide numbers 245, 289, 509 and 535.
Meanwhile, the SRAP discriminates all the five varieties
based on the 8 bands generated from ME1-EM3 primers
and 4 bands from ME3-EM3 primer pairs.

4. DISCUSSION

Species under the Allium genus can be distinguished
from each other based on their morphological
characteristics (Khosa, 2014). However, within species
variation may prove to be difficult to distinguish based on
morphological traits alone. Differentiation among A.
sativum varieties is primarily based on average plant
height, average bulb size and bulb color as described in
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Unlike rbcL, matKis highly
variable and have been

b

0 o

used to differentiate
closely related species
(Dong et al., 2012). The
matK sequences obtained
have correctly identified
all the A. sativum samples
at 98-100% match.

n llllllii HIIIII
] 11

All five varieties showed
sequence homology with
the reference sequence

KU499901 which
presumably  originated
from Egypt based on its
GenBank entry. However,
the other, reference
sequences  HQ690733
(China), KF769503,
KF769504 and KF769505
(India) showed clear

Garlic
varieties

rbel sequence
(1-408 nt)

matK sequence
(1-653 nt)

SRAP distinction from the rest.

studied Nucleotide

position number

Nucleotide position
number

This result suggests that
the matKk DNA marker
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Figure 5. Summary of the alignment profiles of the garlic varieties and their concatenated molecular
features. A- rbcL alignment of 408 nt, B- matK alignment of 653 nt, and C- summary of concatenated
molecular features. Legends: F-Failed amplification, N-No data, GB-Genbank. As highlighted in
yellow in panel C, rbcL sequences are highly conserved, matK-sequences discriminates GTB17.

SRAP discriminates all the five varieties.
URLA:

https://www.ncbi.nlm.nih.gov/projects/msaviewer/?coloring=diff&consensus=true&key=kSIL-40gUvn-
Dhz-3R8qAHqrUxOMbAJpDm8meTJIIFOXYCo2nwznWjP1Bty4hA_5XuEDIR3RRtQBzhXDE8Uf3i33EPK8XRY,GKu
CcgSp23B3h5V3VJajifMi2pKF44vmh-Cv9rvyqdw47605GYMVQJ2IqKIAW8G-

kKbNstOWiJPPiduE3YLRmeOw3r7ygtg&columns=d:120,b:50,x:17,aln.
URLB:

coloring=diff&consensus=true&key=ohE4yL4TYcrNPS_N7iwZMOmYUOAMMQIODjImJDIgIA6xPSpp9VM1rCP6FoRb
90-KHpJDhI2iBqdBvVWwU7ZfrW2EUIp8tlY,VOfOPKjllzw7y9k7GNrvxb9umKTH1cnQxdbtwPnEG6-
p62eGNPbdH-2A3VSB3XxEiQDodLgMKWASFQsYDR4BBTMsDiliHgg&columns=d:120,b:50,x:17,aln,e:50

the Philippine Department of Agriculture Garlic
Production Guide (Department of Agriculture, 2012).
Cultivars that are actually the same but with different
names typically arise from this kind of phenotypic/
agronomic traits classification (Egea et al., 2017).

In this study both the rbcL and matK DNA regions were
shown to be highly conserved in A. sativum, making them
suitable barcoding markers for the molecular
identification and discrimination of A. sativum from other
closely related Allium species.
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species that have
polymorphic rbcL and
matK regions. In
particular, garlic

sequences deposited in
GenBank that originated
from China and India were

distinct from the local
varieties in the
https://www.ncbi.nim.nih.gov/projects/msaviewer/?  Philippines. Intraspecific

variation in matK has also
been reported in other
species (Hori et al., 2006;
Spies and Spies, 2018).

Sequence-Related Amplified Polymorphism (SRAP)
markers are DNA-based dominant markers with primers
designed to target open reading frames. (Li and Quiros,
2001). Two primer sets were evaluated to generate
distinct banding patterns. Two polymorphic bands (900
bp and 200 bp) were observed from the ME3-EM3 primer
set that was able to differentiate the varieties IP3 and
GMR10 from the other three varieties. Meanwhile,
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the ME1-EM3 primer was able to discriminate GNT4. This
preliminary result on the use of SRAP markers show its
potential to discriminate among varieties within A.
sativum species, which may be used to augment the
discriminatory power of matK.

5. CONCLUSION AND RECOMMENDATION

In this study, the utility of DNA markers to identify A.
sativum species were shown. The rbcL and matK DNA
regions was utilized as molecular markers for the species
identification of Allium sativum. The rbclL sequences
were highly conserved, the matK-sequences
discriminated GTB17 while the SRAP using the primer
combinations ME1-EM3 and ME3-EM3 discriminated all
the five local garlic varieties. Albeit preliminary, the data
suggest that the matK sequences and the SRAP showed
potential as markers for augmenting the current
phenotypic classification of A. sativum, and for
discriminating varieties of the same A. sativum from
different origins. An increase in sample size with more
varieties are needed to validate these findings.
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Abstract: Regulating the activity of alpha-amylase, can help maintain blood glucose to normal levels especially among
diabetics. Momordica charantia, known as ampalaya in the Philippines, was previously shown to have alpha-amylase
inhibitory activity in our laboratory where among the nine locally available varieties, AMP06 gave the highest activity. This
study aimed to characterize the alpha- amylase inhibitory principle in the leaf extract of AMPO6 and perform in silico docking
studies on putatively identified compounds. Crude methanolic leaf extract (CMLE) of M. charantia (AMP06) was prepared,
subjected to sequential solvent extraction, concentrated by rotary evaporation, and tested for alpha-amylase inhibition.
CMLE was shown to have inhibitory activity against alpha-amylase with values ranging from 43.53% - 65.70% at 500 ug/
mL to 25 ug/mL respectively. The sequential solvent partitioning of CMLE yielded fractions (i.e., hexane (HF), chloroform
(CF), ethyl acetate (EAF) and butanol (BF) with decreased inhibitory activities that ranged from 20.12% to 38.02% compared
with the CMLE. Fraction mixture of 1:1 ratio was prepared and evaluated and showed a recovery of inhibitory activity of
29.88% to 54.98%, indicating a possible synergistic activity. The individual fractions from the best fraction mixture were
analyzed using LCMS/MS to determine the putative identity of the compounds which were then subjected to molecular
docking to predict possible synergistic activity. Utilizing acarbose as a point of reference, as well as the top five hits from the
docking experiment, in silico docking done with the compounds in the active site alone and in three allosteric sites, showed
stronger binding affinity values in the active site of the enzyme. In conclusion, this study characterized the alpha-amylase
inhibitory principle of M. charantia and its possible mechanism, that there may be compounds present in the extract that
works synergistically in inhibiting alpha-amylase.

Keywords: Alpha-amylase, Momordica charantia, Ampalaya, synergistic activity

1. INTRODUCTION breakdown starch into limit dextrins that will be

eventually cleaved to glucose for intestinal absorption.

Several strategies have been utilized to manage
diabetes including diet (i.e., control of sugar intake),
exercise, insulin injection and blood sugar lowering
medication and herbal supplements (American
Diabetes Association, 2017). One way to control post-
prandial spike of blood glucose in people with diabetes
is through the inhibition of alpha-amylase (Agarwal and
Gupta, 2016), an enzyme released by the pancreas to
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Alpha-amylase inhibitory activities have been reported
in different plant extracts. Mallotus repandus (Willd.)
stem extract showed a positive inhibitory activity against
alpha-amylase, with the activity associated with various
polyphenols (Hasan et. al., 2014). Aqueous leaf and
stem extract of Coccinia grandis inhibits alpha-amylase
possibly due to the presence of flavonoids and phenols
(Pultubr et. al., 2017). Extract of Atrocarpus
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heterophyllus showed high inhibitory activity to alpha-
glucosidase and alpha-amylase, possibly due to the
presence of flavonols or phenolic acids (Nair, Kavrekar
and Mishra, 2013). Phaseolus vulgaris has a lot of
varieties, but the variety with the potent alpha-amylase
inhibitor was the white kidney bean (Tadros, Eryan,
Yussef and Taha, 2014), and therefore was used in this
study as a comparator. Inhibitory activity of this species
was discovered in 1945 by Bowman. There are three
isoforms of the amylase inhibitor from this variety, the
aAl-1, adAl-2 and an inhibitor-like isoform, aAlL (Obiro,
Zhang and Jiang, 2008). A commercial productbased on
this white kidney bean extract (WKBE) has been shown
to reduce carbohydrate absorption by as much as 66%
and regarded as generally recognized as safe (GRAS)
food supplement by the US FDA (https://starngage.com/
app/global/campaign/sampling-detail/209).

Momordica charantia, locally known as ampalaya, is a
common kitchen vegetable that has also been subject to
various in vitro studies because of its folkloric use as a
remedy for diabetes (Anilakumar, Kumar and llaiyaraja,
2015). In the study of Ee Shian et. al. (2015) and Gudr
(2016), M. charantia fruit extracts have shown inhibitory
activity against alpha-amylase and alpha-glucosidase
which was said to be comparable to acarbose. Gines et.
al. (2013) characterized the inhibitory activity of the crude
leaf extract of M. charantia against porcine pancreatic
amylase by determining its effects on its Km and Vmax.
Their results have shown possible uncompetitive
inhibitory activity due to the decreased Km and Vmax.
The study also suggested that the inhibitory activity of M.
charantia must be further characterized.

Our laboratory investigated the alpha-amylase inhibitory
activity of the nine varieties of local ampalaya. Among
these varieties, AMP-06 showed the highest alpha-
amylase inhibitory activity (Heralde et. al. 2017). This
study aimed to characterize the alpha-amylase inhibitory
principle of M. charantia AMP-06 and perform in silico
docking studies on the putatively identified compounds to
screen possibly synergistically acting combinations.

2. METHODOLOGY

2.1. Plant Material Preparation

The dried plant leaves of M. charantia variety AMP-06
(McAMP-06) from the PhilMetab Project (Heralde et. al,
2017) was cut into small pieces and was subjected to
grinding to a greater surface area available for the
extraction method.

2.2 Extraction

The McAMP-06 leaves were submerged in 100%
Methanol. Soaking was done for 16-18 hours in a
stoppered Erlenmeyer flask at room temperature. After
soaking, the extract will be filtered. The soaking
procedure was done three times to maximize the
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metabolite extraction. Thefiltrate was concentrated using
a rotary evaporator in room temperature. To ensure
dryness, the extract was placed in a dry bath. The extract
was stored in a tightly sealed container in -20 degrees
Celsius until used (Heralde et. al, 2017).

2.3 Sequential Solvent Partitioning Method

The crude extract was subjected to sequential solvent
partitioning using four solvents of different polarities —
hexane, chloroform, ethyl acetate, and butanol. The dried
methanolic leaf extract was reconstituted using 400 mL
95% methanol and placed in a separatory funnel.
Partitioning was done twice for every solvent. The four
fractions collected were concentrated using a rotary
evaporator and placed in a dry bath to ensure dryness.
The dried fractions were stored in -20°C until used (Riaz
et. al, 2012).

2.4 Alpha-amylase Inhibition Assay

Prior to the assay, the fractions were reconstituted using
sodium phosphate buffer solution, pH 6.8, having the
concentrations of 500 ug/mL, 250 pyg/mL, 100 pg/mL, 50
pg/mL, and 25 pg/mL. The extracts were subjected to
vortex mixer to ensure homogeneity. The test was done
in three trials with three replicates each.

The assay will be done in a 3-mL test tubes or 1.5-mL
microcentrifuge tubes. For the test tubes containing the
extractorfractions, 50 uL phosphate buffer, 10 uL porcine
pancreatic alpha-amylase solution (2U/mL) and 20 uL of
the fraction was incubated at 37°C for 20 minutes. After
incubation, 20 yL of starch was added and incubated
again for 30 minutes. 100 uL of the color reagent (dinitro
salicylic acid, DNS) was added and was placed in a water
bath with atemperature of 100°C for 10 minutes. The tube
was allowed to cool before transferring the contents in a
96-well plate for reading the absorbance at 540 nm in a
Spectrostar Nano microplate reader (Heralde et. al,
2017).

As for the negative control, 70 uL of the phosphate buffer
was placed on the tubes, no extract, fraction, acarbose or
white kidney bean extract was added.

The positive control was acarbose with the same
concentrations of the test extract or fraction (500 pg/mL,
250 pg/mL, 100 pg/mL, 50 yg/mL, and 25 ug/mL).
Blank sample tubes were also prepared. The blank
samples do not contain the enzyme of interest.

The results is presented by their percent inhibition using
the following formula

Ia = Anc — Asample x 100
Anc

Where: la = percent inhibition
Anc = net absorbance of the negative control

To calculate the net absorbance of each sample, the
following equation was used:

Asample = Atest — Ablank
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Where: Asample = net absorbance of the test well
Atest = absorbance of the test well
Ablank = absorbance of the blank sample

2.5 LC-MS/MS Compound Identification

The volume of the purified fraction was adjusted to 10 mL
with LCMS grade methanol. The fraction was filtered
using a 0.2 ym PTFE syringe filter before injection. The
analysis was carried out using Waters UPLC I-Class
coupled with Xevo G2-XS Qtof Mass spectrometer
(Waters Corp., USA). The separation of the compounds
present in the fraction was performed by usinga 2 x 100
mm 1.8-Micron Acquity HSS T3 column. Formic acid in
water (0.1%) was the mobile phase A and the mobile
phase B was 0.1% of formic acid in acetonitrile. Linear
gradient of 5% mobile phase B to 95% was used for 15
minutes. The injection volume was 1 pL and the flow rate
will have been 0.5 mL/min. The parameters that were
used are the following: 2KV capillary voltage, 120°C
source temperature, 500°C desolvation temperature,
40V cone voltage, 50 L/hr cone gas flow, 950 L/hr
desolvation gas flow. Mass spectrometry data was
acquired using positive ESI with m/z range of 50-1, 200
and was processed through UNIFI Scientific Information
System v. 1.8 (Waters Corp., USA).

The resulting chromatogram  compared  with
chromatogram of the solvents to remove the same peak
and was then submitted online on different databases to
find a matching compound and generate its structure.
Compounds that were a good match, has the lowest
mass error in terms of mDa and ppm, and has an
available structure online were used for the docking
studies. These compounds were presented using a4 digit
code of their PubChem ID.

2.6 Molecular docking studies

2.6.1 Software

The molecular docking studies have been performed
using PyRx v. 0.9.8 in an iMac 14.3 using a processor of
3.1 GHz 4-core Intel® Core™ i7 and memory of 8GB of
1600MHz DDR3. Discovery studio 2017 was used to see
the interaction diagrams of the ligands and the protein in
the specific binding sites.

2.6.2 Structure files preparation

The 3D structure of porcine pancreatic alpha-amylase
(PPA) was downloaded from the Research Collaboration
for Structural Bioinformatics Protein Data Bank (RCSB
PDB; www.rcsb.org). The PDB code for the crystal
structure of PPA is 10SE. After the preparation using
PyMOL, the protein and the ligands were minimized to
obtain their lowest energy conformations.

The 3D structure of the compounds present in the best
fraction mixture was downloaded from PubChem.
PyMOL v. 2.3.1 was used for the preparation of the
enzyme for docking and to measure the root-mean-
square-deviation (RMSD) values. Water molecules and
ligands of 1OSE were removed. The known inhibitor of
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10SE was redocked onto its binding site using
appropriate Vina gridbox. The RMSD of the redocked and
original inhibitor was calculated to validate the binding
affinity of the standard.

2.7 Statistical Analysis

One-way analysis of variance (ANOVA) was used to
determine the difference between the test groups and
Tukey’s Post-Hoc test was used to determine the
concentration the highest activities. Dunnett’s Test was
utilized to compare the inhibitory activities of the fractions
with the positive controls which is acarbose. Statistical
results were considered to have a significant difference if
the p-value < 0.05, otherwise considered to be non-
significant.

3. RESULTS

The crude methanolic leaf extract of McCAMP-06 (CMLE)
showed inhibition of alpha amylase (p-value = 0.009) with
inhibitory activities ranging from 43.53% to 65.70%,
compared with the inhibitory activity of the white kidney
bean extract (WKBE) thatranges from 35.11% t0 43.69%
(Figure 1). Tukey’s pos-hoc test revealed that there is no
significant difference between the inhibitory activities
between the concentrations of the crude extract. The
Dunnett’s post-hoc test showed that there is significant
difference between the inhibitory activity of CMLE
compared with the positive control which is acarbose
(75.41% - 93.77%).

100
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Figure 1. Alpha amylase inhibitory activity of crude methanolic
leaf extract of M. charantia AMP-06 (CMLE) against white
kidney bean extract (WKBE) and positive control, acarbose.

* significant difference between acarbose and CMLE

** significant difference between CMLE and WKBE

CMLE was subjected to fractionation through sequential
solvent partitioning using four solvents with increasing
polarities, hexane, chloroform, ethyl acetate and butanol.
Three concentrations were made as these
concentrations exhibited inhibitory activities higher than
50%.

It was observed that the fractions decreased in their
inhibitory activity compared with CMLE (Figure 2). The
inhibitory concentrations of hexane (HF), chloroform (CF)
and ethyl acetate (EAF) fractions showed no significant
difference against each other and against WKBE, while
compared  with butanol  fraction  (BF), it
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showed a significant difference (p=0.039). CF had no
significant difference with the inhibitory activity of the

s PC

s HF

= CF

40 o - EAF

= BF

= WKBE
u CMLE

Percent Inhibition

100 50 25
Concentrations (ug/mL)

Figure 2. Alpha amylase inhibitory activity of crude methanolic
leaf extract of M. charantia AMP-06 (CMLE) hexane (HF),
chloroform (CF), ethyl acetate (EAF) and butanol (BF) fractions
against white kidney bean extract (WKBE) and positive control
(PC), acarbose.

* significant difference between the butanol fraction and WKBE

** significant difference between the hexane and butanol fractions

other fractions and against WKBE. EAF showed no
significant difference with the other fractions and against
PC. BF showed a significant difference with HF (p=0.039)
while having no significant difference with the two other
fractions (i.e., CF and EAF). It was noted that no
significant difference exists between the inhibitory
activities of the different concentrations of the fractions.
To test whether the inhibitory activities will be restored
when the fractions are combined, a 1:1 ratio of the
fractions was prepared. It was observed that an increase
in inhibitory activity occurred in the combined fractions
suggesting the components of M. charantia could be
working together in inhibiting alpha-amylase (Figure 3).
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Figure 3. Alpha amylase inhibitory activity of fraction mixtures
(1:1) against white kidney bean extract (WKBE) and positive
control (PC), acarbose. Hexane-chloroform mix fraction
(HCMF), hexane-ethyl acetate (HEMF), hexane butanol
(HBMF), chloroform-ethyl acetate (CEMF), chloroform-butanol
(CBMF) and ethyl acetate butanol (EBMF) mixtures.

* significant difference between the HBMF and the fractions HCMF,
CEMF, CBMF and EBMF.
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To differentiate the mixtures, statistical tests was done.
There was no significant difference among the
concentrations of the fraction mixtures. The hexane-
chloroform mix fraction (HCMF) showed no significant
difference  with  hexane-ethyl acetate (HEMF),
chloroform-ethyl acetate (CEMF), chloroform-butanol
(CBMF) and ethyl acetate butanol (EBMF) mixtures.

There was a significant difference when comparison was
made between the inhibitory activity of hexane-butanol
mix fraction (HBMF) and WKBE. HEMF showed no
significant difference with HCMF, HBMF and WKBE.
There was a significant difference observed in the CEMF,
CBMF and EBMF.

The third mixture, HBMF showed no significant difference
with HCMF and WKBE. There was a significant difference
(p<0.05) between HBMF and HCMF, CEMF, CBMF and
EBMF mixtures.

Based on these results, HCMF, CEMF, CBMF and EBMF
mixtures, had almost the same inhibitory activities. The
average inhibitory activity across concentrations for
these mixtures are 48.28%,48.69%, 49.69% and 51.63%
respectively. HEMF and HBMF had lower inhibitory
activities (39.46% and 34.14%) compared with the other
mixtures, which have almost similar inhibitory activity with
the positive control (acarbose), apart from WKBE
(37.57%).

To further investigate the inhibitory activity of these
fractions, in silico studies was done after LC-MS/MS
analysis of the ethyl acetate and butanol fractions since
their combination had the highestinhibitory activity based
on Figure 3. The base peak chromatogram of the two
fractions is shown in Figures 4 and 5.
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The compounds in the ethyl acetate and the butanol
fractions are listed in Table 3 with their ID numbers. At
least 20 compounds are detected in the ethyl acetate
fraction and 32 compounds in the butanol fraction.
Eighteen compounds were found common in both
fractions; two compounds are unique in the ethyl

PJBMB 64



acetate fraction and 14 are unique in the butanol fraction.
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Figure 5. Base peak chromatogram of the Butanol fraction.

A ligand-enzyme docking approach involving three
allosteric sites with the parameter settings outlined in
Table S1 (Supplemental Table and Figures) was used.
Two levels of evaluation were done, one involving single
docking of the ligand with acarbose in the active site, and
the other involving multiple binding in the three allosteric
sites.

Table 1 shows the top five results of the docking of the
ligands and acarbose alone in the active site. The ligands
with high hits are Compounds 1889, 6324, 6169, 8554
and 0179. Four of these compounds are common in both
fractions (i.e., a, b, ¢, and d) and one is unique to butanol
fraction (i.e., 0179, e) (Table 2, underlined).

4. DISCUSSION

This study was able to characterize the inhibitory activity
of the AMP-06 variety of M. charantia. The crude extract
produced an inhibitory activity ranging from 43.53% to
65.70%. This inhibitory activity of M. charantia crude
extracts has been reported in many studies already.
Beidokhti and Jager (2017) described that M. charantia
has shown an inhibitory activity against alpha-amylase
and alpha-glucosidase in vitro and exerted a
hypoglycemic effect in vivo. Wang et. al (2019) described
that M. charantia has been used as an anti-diabetic
supplement for decades and in their study, they have
evaluated the alpha-amylase and alpha-glucosidase
inhibitory activity of freeze-dried and fresh M. charantia.
They showed no significant difference on whether how M.
charantia was prepared, both procedures resulted to
inhibition of the enzymes. Wang et. al (2019) has
suggested that this inhibitory activity was due to the
presence of phytochemicals such as triterpenes and
phenolic compounds.
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Table 1. Top five compounds present in the ethyl acetate and
butanol fractions with their structures and binding affinities to
alpha amylase relative to acarbose.

Ligand Structure Binding affinity
1889 s - -9.5
S
B :
’_(l
0179 -9.2
v
6169 ; -8.9
Wl
LA
P
e
8554 -8.6
2 N
6324 -8.3
Acarbose -9.9

In so far as the specific compounds responsible for the
alpha-amylase inhibition has not yet identified, McO6-
CLE was subjected to sequential solvent partitioning
using hexane, ethyl acetate, chloroform, and butanol.
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Table 2. List of the putative compounds with ID numbers in the
ethyl acetate and the butanol fraction.

Ethyl acetate fraction Butanol fraction
Similar Compounds
607900 3357 607900 3357
6169° 8554 6169° 8554 ¢
6324° 7827 6324P 7827
9215 2285 9215 2285
7911 4901 7911 4901
2341 1 W | 1649 2341 0 W | 1649
9251 6433 9251 6433
8544 2549 8544 2549
2591 18892 2591 18892
Unique Compounds
23391 8545 62690 B B
3788 0303 1828
985 7037
6009 0180
0179° BS6O
8553 82410
5786 6272

Note: Underlined compounds, a-e bind to the active site.
Compounds with similar colors and side colors were
simultaneously bound to the allosteric sites and showed highly
negative binding affinities (i.e., strong binding that could disrupt
binding of the substrate and the positive control inhibitor,
acarbose).

When the different components of the extract were
separated based on their polarity, their inhibitory
activities decreased. One mechanism that may explain
how the inhibitory activity decreases once fractionated
could be due to phytochemicals that protect the active
enzyme from degradation (Efferth and Koch, 2011). This
led to the hypothesis that these fractions may have
synergistic effect with one another. This hypothesis was
verified when the fractions were mixed with another
fraction, where the inhibitory activity increases, from a
range of 20% to 38% to arange of 32% to 54%. This result
showed parallelism with the findings of He et. al. (2016).
Their study investigated the antioxidant activity, of
individual and mixture, of three compounds present in
Cornus officinalis. These compounds were loganin,
morroniside and ursolic acid. Individually, morroniside,
loganin and ursolic acid has increased the superoxide
dismutase activity, an enzyme considered as a maker of
oxidative stress (109.1 NU/mL, 110.6 NU/mL and 135.2
NU/mL respectively). When the ursolic acid and loganin
was combined, SOD activity increased to 138.2 NU/mL.

Another study that shows synergism is by Liu et. al.
(2016) that examined the inhibitory activity of fractions
from the water extract of Qingzhuan dark tea. The crude
water extract exhibited an IC50 of 2.47 mg/mL, and after
fractionation using three solvents, (chloroform, ethyl
acetate and butanol) the chloroform fraction had no
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inhibitory activity against alpha-glucosidase while ethyl
acetate and butanol fractions had IC50 of 2.27 mg/mL
and 2.94 mg/mL respectively. This shows that ethyl
acetate had the highest inhibitory activity among the
fractions, but the correlation analysis between the IC50
values and the total theaflavins and polyphenols, showed
that the inhibitory activity was likely to be the result of the
synergistic interaction of the phytochemicals mentioned
in the said plant.

In this study, the data suggest a different direction about
the conventional drug development process, that is a
reductionistic method, where selective ligands are
designed to act on a single disease target. Apparently,
plant extracts must be studied not solely for having to
isolate single compounds but to analyze their
pharmacological effect based on their synergistic or
antagonistic interactions (Efferth and Koch, 2011).

In silico studies has been done to see the interaction of
the compounds with the allosteric and active site of alpha-
amylase. As shownin the results, the compounds present
in the ethyl acetate-butanol mixture work with each other
to produce a more potent inhibition compared with the
inhibition produced by having a single compound in the
active site.

Figure S1 (Supplemental Table and Figures) shows the
interaction of the known inhibitor of alpha-amylase in its
active site. This inhibitor was redocked to validate the
docking protocol used. The RMSD value between the
original and the redocked ligand was 0.699, which is an
acceptable value, because it is below 1.5. The main
amino acids responsible for breaking down starch into
limit dextrins are Asp197, Glu233 and Asp300. The figure
shows that acarbose interacts with Asp300, Asp197,
Glu233 and °"*, by a conventional hydrogen bond, and
having a carbon hydrogen bond with Tyr62. Van der
Waals interaction is found in many residues having a
binding affinity of -9.9. This shows that acarbose
competitively inhibit by interacting with the three amino
acid residues that breaks starch into smaller
carbohydrate molecules.

For compound 1889 in the active site, interactions with
Asp197, Gluz*® and Asp®®, are notable which could be
responsible for the enzyme’'s mechanism via
conventional hydrogen bond. For the compounds shown
in Figures S2-S6, they only interact with Asp197, Gluz*®
and Asp3® through Van der Waals interaction.

There is a total of seven combination of compounds
presentin the ethyl acetate-butanol mixture thatillustrate
how this mixture inhibits alpha- amylase. As
phytochemicals bind to the allosteric sites, the binding
affinity of 2341 decreased to -10.6, comparable to the
binding affinity of 1889 and acarbose thatis -9.5 and -9.9
respectively. This decrease in binding affinity could be
due to the interaction of 2341 to many amino acid
residues in the active site, as shown in Figure S7, that
includes Asp197, Glu233, Asp300 and Trp357, to which
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Van der Waals and conventional hydrogen bonds,
respectively are involved. Figures S8 and S9 are the two
other combination of compounds that produce more
negative binding energy than acarbose.

For the top hit found in Figure S7, 8241 is found in the
butanol fraction only and while 2341 is found in the ethyl
acetate fraction only, and 2339 is found in both fractions.
Having these three compounds actively bind to the
allosteric sites and another compound in the active site
may afford the synergistic inhibition of alpha-amylase.

5. CONCLUSION AND RECOMMENDATION

This study characterized the inhibitory activity of the
crude methanolic leaf extract of M. charantia AMP-06
(CMLE) variety against alpha- amylase, an enzyme
responsible in breaking down starch into limit dextrins.
The activity of this enzyme contributes to the postprandial
hyperglycemia in diabetic patients.

The inhibitory activity of the CMLE, its fractions and the
fraction mixture were determined by an alpha-amylase
inhibition assay. Fractionation was done by sequential
solvent partitioning using four solvent, hexane,
chloroform, ethyl acetate, and butanol. Since there was a
decrease in the inhibitory activity after fractionation, six
fraction mixtures were made with 1:1 ratio. Fraction
mixtures had an increase in their inhibitory activities,
implying that fractions work together to inhibit the enzyme
of interest.

The ethyl acetate-butanol mixture had the highest
inhibitory activity among the mixtures and was subjected
to LC-MS/MS analysis to determine the compounds
present in the mixture. The compounds with known
structure were docked using PyRx software to show how
the compounds present in the mixture work together. In
silico docking ofindividual phytochemicals, acarbose and
in combination in three allosteric sites, was able to
shortlist candidate phytochemicals that may work
together synergistically in inhibiting alpha amylase.
Further studies would require isolation of the pure
compounds and validating the in-silico results in in-vitro
enzyme inhibition assays. Also, the kinetics for this kind
of synergistic combinatorial interaction need to be
developed to be able to understand the mechanism for
this type of inhibition. These compounds may also be
evaluated for their potential utility as metabolite
biomarker in identifying varieties of M. charantia with
potent alpha-amylase inhibiting activity.

REFERENCES

1. Agarwal, P., & Gupta, R. (2016). Agarwal, P. and
Gupta, R. 2016. Alpha-amylase inhibition can treat
diabetes mellitus. Research and Reviews Journal of
Medical and Health Sciences, 5(4), 1-8.

67 PJBMB

2. American Diabetes Association. Standards of Medical
Care in Diabetes — 2017. Diabetes Care. 40 (1): 51 —
S135.

3. Anilakumar, K. R. (2015). Nutritional, Pharmacological
and Medicinal Properties of Momordica charantia.
International Journal of Nutrition and Food Sciences,
4(1), 75. doi:10.11648/].ijnfs.20150401.21

4. Beidokhti, M.N. and Jager, A.K. 2017. Review of
antidiabetic fruits, vegetables, beverages, oils and
spices commonly consumed in the diet. Journal of
Ethnopharmacology. 201: 26-41.

5. Ee Shian, T., Kassim, K., & Za, S. (2015). Antioxidant
and hypoglycemic effects of local bitter gourd fruit
(Momordica charantia). International Journal of
PharmTech Research, 8(1), 974-4304.

6. Efferth, T. and Koch, E. 2011. Complex interactions
between phytochemicals. @ The  multi-target
therapeutic concept of phytotherapy. Current Drug
Targets 12 (1): 122-132.

7. Gines, K. R., Lee, A. and Lazaro-Llanos, N. 2013. The
Effects of Momordica charantia Crude Leaf Extracton
the Enzyme Kinetics of Porcine Alpha Amylase.
Presented at the Research Congress 2013. De La
Salle University Manila. 5 pp.

8. Gudr A. (2016). Influence of Total Anthocyanins from
Bitter Melon (Momordica charantia Linn.) as
Antidiabetic and Radical Scavenging Agents. Iranian
journal of pharmaceutical research : IJPR, 15(1),
301-309.

9. Hasan, R., Uddin, N., Hossain, M., Hasan, M., Yousuf,
E.,S, L., ...Choudhuri, M. (2014). In vitro a-amylase
inhibitory activity and in vivo hypoglycemic effect of
ethyl acetate extract of Mallotus repandus (Willd.)
Muell. stem in rat model. Journal of Coastal Life
Medicine, 2(9), 721-726. doi:10.12980/
jclm.2.201414d29

10. He, K., Song, S., Zou, Z., Feng, M., Wang, D., Wang,
Y., Li, X., and Ye, X. 2016. The Hypoglycemic and
Synergistic Effect of Loganin, Morroniside, and
Ursolic Acid Isolated from the Fruits of Cornus
officinalis. Phytotherapy Research 30 (2): 283-291.

11. Heralde lll, F.M., Nicodemus, N. Yu, G.F., and Juinio,
H. 2017. Evaluation of the Safety and Health
Potentials of Bawang and Ampalaya in Hypertension
and Type 2 DM through Metabolic
ProfilingMetabolomics. Unpublished.

12. Liy, S.,Yu, Z., Zhu, H., Zhang, W., and Chen, Y. 2016.
In vitro a-glucosidase inhibitory activity of isolated
fractions from water extract of Qingzhuan dark tea.
BMC Complementary and Alternative Medicine 16,
378.

13. Nair, S. S., Kavrekar, V., & Mishra, A. (2013). In vitro
studies on alpha amylase and alpha glucosidase
inhibitory activities of selected plant extracts.
European Journal of Experimental Biology, 3(1),
128-132.

14. Pulbutr, P., Saweeram, N., Ittisan, T., Intrama, H.,

Jaruchotik, A., & Cushnie, B. (2017). In vitro a-
amylase and a-glucosidase Inhibitory Activities of

Vol 1 (1&2)



Coccinia grandis Aqueous Leaf and Stem Extracts.
Journal of Biological Sciences, 17(2), 61-68.
doi:10.3923/jbs.2017.61.68

15. Riaz, T., Abbasi, M., Shahzadi, A., Ajaib, M., and
Khan, k. 2012. Phytochemical screening, free
radical scavenging, antioxidant activity and
phenolic content of Dodonea viscose Jacq. J. Serb.
Chem. Soc. 77 (4): 423-435.

16. Wang, L., Clardy, A., Hui, D., Gao, A., and Wu, Y.

2019. Antioxidant and antidiabetic properties of
Chinese and Indian bitter melons (Momordica
charantia L.). Food Bioscience 29: 73-80.
https://starngage.com/app/global/campaign/
sampling-detail/209

17.

Supplemental Table and Figures.

Table S1. Coordinate settings used in the in silico docking
simulations.

Binding | Allosteric Site 1 | Allosteric Site 2 | Allosteric Site 3 Active Site
Site
! C D c D c D © D
X 37.660 | 21.059 | 27.015 | 22.636 | 40.478 | 16.269 | 36.302 | 11.109
Y 30.372 | 30.117 | 15.855 | 16.615 | 47.721 | 16.749 | 36.178 | 16.892
z 30.000 | 25.090 | 16.615 | 20.007 | 22.862 | 19.965 | 4.925 | 19.504
Legend: C = center; D =dimension
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Figure S1. Interaction of acarbose with the residues
present in the active site of 1OSE.
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Figure S2. Interaction of 1889 compound with the
residues present in the active site of 1OSE.
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Figure S3. Interaction of Compound 0179 with the
residues present in the active site of 10SE.
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