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ABSTRACT

The hiking population is one of the major probleshsoncern its negative impact can be seen on reefeonomics
of developing and even developed nations. In otdebolish this hike there is need to synthesifecede anti-
fertility compounds. In this paper the Ribosomaldtivating Proteins of Momordica charantia are usstbwing
anti-fertility property. Even if the studies contiedt on phyto-proteins serves to produce compouritis vovel
structures, excellent activity, and negligible seftects, but still a very less number of phytotgires are identified
along with their medicinal importance. In this papn in-silico approach is described for modelifgetthree-
dimensional structure of a protein from the homoleg protein structures and their amino acid segesn®
method is developed for the simultaneous superiitmpo®f several protein molecules and for the cédtion of an
‘average structure’ or ‘framework’ by the RMSD vatuin order to obtain most similar structure of thleyto-
proteins showing anti-fertility property. Conseqtlgnwe obtained nine phyto-proteins on the basithe family of
homologous proteins. This alignment provides a 9é&si model building the tertiary structure for thknown
phyto-proteins.

Keywords: Anti-fertility, Phyto-proteins, Phylogenetic analysModeling and Superimposition.

INTRODUCTION

The overwhelming impact of population growth carsben on the economy as well as the environmeatcofintry

consequently the declining natural resources ergaevere environmental uncertainties. Due to azbraent of

science and technology there has been tremendglisedim death rate resulting in higher birth ratgresent it has
been expected the population to reach 9.2 billip2®50. The graph given depicts the total worlddaton from

the year 1750-2050 in Fig.1 [1].
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Fig.1 The graph depicts the rise in World Populatio from the year 1750-2050 in the developing and
developed countries.

The negative impact of the growing population aeeks disease and malnutrition problems maintghénrural
areas of third world and so the poverty, declinirgural resources, fossil fuel depletion, pollutiamd stunted
economies of developing and even developed nafin3o be a prosperous nation there is a needatulize and
reduce the population, falling birth rate may beirmportant factor in this context [3]. The World¥rth rate i.e.
births per 1,000 population has been depictedarfip.2.

Births/1,000 population
50

40

— 31

23

11
i: s World Birth Rates

Fig.2 World Birth Rate(Birth/1000 Population).

As depicted in the above graph the major populagigpiosion is in the third world countries of Soufrica and
many parts of Asian continent. Therefore, to havec& on this hike in population there is a needeweelop more
effective anti-fertility drugs with negligible sideffects which can provide less expensive alteveatito existing
expensive drugs. Various synthetic drugs are adlailavhich are used for fertility regulation but digetheir side
effects their usage is suspicious even prohibitadrey common people. From the very ancient timesghevedic
and unani medicines have been proven themselvesafiestive cure against any kind of ailment. Mtiman 80%
of the population rely on the medicines of plangioras these are more effective and have negligitile effects as
compared to the synthetic ones [4].The use of phytdeins as drug alternatives is rare and is a@&happroach to
cure several severe diseases. Since the RIP’sf arawral origin and are mostly found in plants drain ancient
times natural sources of drugs are more effeclt®’s have been proven to play a vital role in depment of
novel drugs as these are precursors for severgheyn drugs many of them act as lead compoundsdueral
synthetic ones. The synthetic drugs are mostlyh&fimdcal origin and therefore are less preferred these of
natural origin as these are with negligible sidea and are also cost effective .There are sktangs of natural
origin for instance anticancer drugs, Vincristined a/inblastine complexes obtained from the Roseywhekle
(Catharanthus rosgaand many more drugs of natural origin are beiffigcévely used for the treatment of many
dreadful diseases [5].
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The Ribosome Inactivating Proteins (RIP’s) inadidgathe eukaryotic ribosomes these are generadlyptant
proteins which depurinates the rRNA and therefoeetlae inhibitors for protein synthesis. The RIff®ws several
pharmacological properties mainly include Anti-HIVAntitumor and Abortifacient properties [6]. Ribase
Inactivating Proteins (RIP’s) induces apoptosigibgreasing the action of anti-apoptotic factory theve antiviral
and anti-parasitic properties and have proved ta bery effective drug against AIDS by acting dinpon HIV
infected cells by depurinating the RNA. The RIPs better cure for certain allergies but are aksarig allergenic
properties as they are raw eaten in the form oétages. RIP’s as immunotoxins are potentially usetteat the
tumor cells. The abortifacient property of RIP’sshiaeen reported in various plants species as thiapii the
protein synthesis [7]. Since the drugs of naturigio are more efficient and cost effective oves gynthetic drugs.
Therefore new drug alternatives from plants shdwddidentified and designed in order to obtain drugth
negligible side effects. In this paper phyto-proteiainly the ribosome inactivating proteins (RIPasg taken for
analysis. RIP’s oMomordica charantiaBitter gourd) plant are taken namely Momordirdmomocharin ang-
momocharin showing the abortifacient property whitds been proved experimentally [8]. The phylogenet
analysis was done and several homologous proteimesees were identified. Since the sequence sityilstiows
resemblance to functional similarity, and the amamd sequences determines the protein three diorais
structures and the structural similarity betweestgins is very good predictor of functional simitar Therefore on
structural analysis the protein structures idesdifshowed anti-fertility properties similar to teosf Momordica
charantia. The structural analysis involves the garative structure modeling the closely relatedgins present in
the same cluster i.e. the homologous (orthologunes paralogues) protein 3-D structures were model€tese
protein structures were then superimposed anddfaesice alignments, structure alignments, PDB ¢Rrddata
Bank) coordinates and RMSD statistics were gengf@ell]. As a result of our analysis the struatiromologues
of Momordica charantiaRIP’s were identified which may also show the #iferient property. On studying
molecular insights of the three dimensional stmegwof proteins can help to study molecular meamsi such as
site-directed mutagenesis, mapping of diseaseetlautations, and the structure-based design offgpmhibitors
and rational drug design approaches. For predittieg3D structures of proteins the computationathods are of
high degree of interest and are the focus of rebeand development activities. The prediction & 8D structure
of a protein from its amino acid sequence is alwaysroblem to be resolved by identifying the nopebtein
structures [16].

MATERIALS AND METHODS

The present analysis involves the three ribosoraetivating proteins (RIP’s) from the plaktomordica charantia
(Bitter gourd, Balsam pear), namely Momordinakmomocharin,f-momocharin. The protein sequences were
retrieved from Uniprot database and the 3-D stmestuvere taken from RCSB Protein Data Bank (PDB3ressvn
in Table I.

Table I. Ribosomal Inactivating Proteins taken forstudy

Phyto-Protein | No. of Amino acid residue | PDB ID
Momordin | 264 1MOM
a-momocharin 263 1AHC
B-momocharin 286 1CF5

Further with the help of various Bioinformatics tsedre tools the insilico analysis was done using fiillowing
softwares: BLASTp, Clustal-X, Geneious, Swiss-Mo@&lperpose etc.

The methodology involves following steps:

Step 2.1. Sequence search across the Uniprot Knodte Base Database:
The sequences of the ribosome inactivating proteamsely: Momordin-lo-momocharin ang-momocharin were
retrieved in the FASTA format from the Uniprot Kniedgebase (UniProtKB).

Step 2.2. The similarity search done across Ribos@rinactivating protein (RIP) sequences of Momordica
charantia:

The similarity search was done with the help oft@iroBLAST (Basic Local Alignment Search Tool) sodtre
available at NCBI (National Centre for Biotechnalaj Information) blastp which involves the pairialignment
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algorithm. The sequences showing more than 80%asitgiwere taken for further analysis. There witeen such
sequences which were 80% similar to the three RiPMomordica charantia.

Step 2.3. Performing the Multiple Squence Alignmentor the similar RIP sequences:
CLUSTAL-X performs a global multiple sequence afigent and the similar sequences were aligned.

Step 2.4. Generating Phylogenetic tree by using URGA algorithm:

In this step after aligning all the protein sequenthree different Phylogenetic tree were generétedhree
different RIP’s ofMomordica charantia Tree-l for Momordin-1I, Tree-1l fora-momocharin and Tree-Ill fop-

momocharin. Using the Genious Basic 5.4.2 softwheedistance matrix was calculated and the orth@egand
paralogues were identified respectively.

Step 2.5. Retrieval of protein 3-D structures fronProtein Data Bank (PDB):

The three dimensional protein structures wereeedd from PDB. The RIP’s found on PDB were nam@liyffin,
Bryodin I, Cucurmosin, Luffaculin I, Trichosanthand the rest protein structure were modeled whiehewot
available at PDB.

Step 2.6. Modeling protein structure for the noveRibosome Inactivating Proteins structure:

The protein sequences were then searched acros@rirotKB were modeled by using SWISS-MODEL
(http://swissmodel.expasy.org). It is a serverdotomated comparative modeling of three-dimensi¢8ia) protein
structures which is used for modeling the proteihsse structures were not available at PDB takearialysis.

Step 2.7. Structure alignment of the closely relatesequences:

To have structural similarity it has been found fwotein structure after superimposition shouldehthe RMSD
values less than or equal to 2 A. Using SUPERPOSEserver the proteins 3-D structures were supedpagainst
the Momordica charantiaRIP’s and the proteins with RMSD 2 A or less thhat were predicted as the proteins
homologous to the Momordind;momocharin an@-momocharin showing anti-fertility property.

RESULTS

As a result of similarity search fifteen RIP seqeesawere found similar to the three RIP’dMidmordica charantia
Momordin- I, a-momocharinf-momocharin. A total of eleven plant species wakeh for the analysis from them
eighteen phyto-proteins including thoseMdmordica charantiaThe fifteen phyto-proteins obtained as a resilt o
similarity search are as under in Table II.

Table II. Ribosome Inactivating Proteins from various plant species obtained as a result of similayitsearch
Consequently, on Phylogenetic analysis three treesere generated for Momordin-I, a-momocharin and -
momocharin respectively shown as under:

Phyo-proteins Plant species

B-luffin Luffa cylindrica(Smooth loofah, Sponge gourd)

Bryodin | Bryonia dioica(Red bryony)

Cucurmosin Cucurbita moschatéWinter crookneck squash, Cucurbita pepo var. imats)
Gynostemmin Gynostemma pentaphylluf@iaogulan)

Luffaculin | Luffa acutangulgRidged gourd, Cucumis acutangulus)
Karasurin-H Trichosanthes kirilowi{Chinese snake gourd, Chinese cucumber)
Trichobakin Trichosanthes Kirilowii

Trichomislin Trichosanthes Kirilowii

Trichosanthin Trichosanthes kirilowii

Type 2 Ribosome-Inactivating protein Camellia sinensi§Tea)

Cinnamomin | Cinnamomum camphof&amphor tree)

Nigrin | Sambucus nigréEuropean elder)

Nigrin-b Sambucus nigréEuropean elder)

Ribosome-Inactivating protein Sambucus nigréEuropean elder)

Preproricin Ricinus communiCastor bean)
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Tree l:

In Fig.3 from Tree-l it has been found that the tphgroteinsB-luffin and Luffaculin-1 are found to be paralogs t
Momordin-I i.e. the genes related by duplicatiothivi a genome; may evolve same or new functiorthéncourse

of evolution. As these are more closely relatedegsicted in the tree and can be shown as per sitendies between
these two from Momordin-l is very less. TRduffin and Luffaculin-1 are closely related to Mamdin-1. While
other species are also found to be distantly rélatehe same cluster to Momordin-1 i.e. those RIBryodin-I,
Karasurin-H, Trichobakin, Trichomislin, Trichosaimh Curcumosin and Gynostemmin) are orthologs to
Momordin-I. The orthologs are the genes in différepecies that evolved from a common ancestral dmne
speciation, orthologs retain the same functiomedourse of evolution.

SpIP16094|RIP1_MOMCH
I_': spiFsasseIRPurac
tr|QO00980|Q00980_LUFCY

SpIP33185|RIP1_BRYDI

rIQEPRGS5|Q6PRGS5_TRIKI
E r|Q84sSVE| Q84S VE_TRIKI
rIQOLRE3|QILRES3_9ROSI

sSpIP84531|RIP_CUCMO

tr|B1B626|B1B626__TRIKI

SpPIQSFOIZ|IRIP1_GYNPE
SpIP33183|NIGB_SAMNI

r|IQ8GT32|Q8GT32_SAMNI

I— 1r|O04367|004367_SAMNI

rIDSLNF6|DSLNF6_CAMSI
rIQ9ABWS|Q94BVWS_CINCA

rIDEMWG4|DEMWG4_RICCO

o.o8

Fig.3 Tree-| depicts evolutionary relationships oMomordin-I (Ribosome Inactivating Protein of Momordica
charantia) with other Ribosome Inactivating Proteins.

In the above tree thluffin and luffaculin RIP’s are the paralogs of Mordin-I.

Tree Il:

As shown in Fig.4 in Tree-Il both tifeluffin and luffaculin are paralogs temomocharin. Here also the remaining
RIP’s (Bryodin-l, Karasurin-H, Trichobakin, Trichastin, Trichosanthin,Curcumosin and Gynostemmin)thie
cluster are orthologs @momocharin.

l sSpIP24817|RIP3_MOMCH

spIP84531|RIP_CUCMO

sSpIP33185|RIP1_BRYDI

QEPRGS5|Q6PRGS5_TRIKI
—'E riQsasvs|iQsasvs_TRIKI
] rIQOLRE3IQIOLRE3_9ROSI
[ SPIPS4S30IRIP_LUFAC
I— trjQO00980|QO00980_LUFCY

r|B1B626|B1B626__TRIKI

SPIQSFOI3IRIP1_GYNPE
SpIP33183|INIGB_SAMNI
I: rIQ8GT32|Q8GT32_SAMNI
I— tr|©04367|004367_SAMNI
trIDSLNFS|DSLNF6_CAMSI
r|QOABWS5|Q9aABWS_CINCA
I
o.os

Fig.4 Tree-Il depicts evolutionary relationships ofae-momocharin (Ribosome Inactivating Protein of
Momordica charantia) with other Ribosome Inactivating Proteins.

rIDEMVWG4|DEMWG4_RICCO
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Tree lll:

SpIP33183|INIGB_SAMNI
I: rIQ8GT32|IQ8GT32_SAMNI

tr|O04367|004367_SAMNI

rIDSLNFS|IDSLNF6_CAMSI

r|QOABVWS5|QO4BVWS_CINCA

| rIDEMVWG4|DEMWG4a_RICCO

sSpIP33185|RIP1_BRYDI

| QEPRG5|Q6PRGS5_TRIKI
4|E riQ@sasvs|Qsasvsa_TRIKI
| rIQOLRE3|QOLRES3_9OROSI
SpIP84530|RIP_LUFAC
4,—: trjlQO0980|QO00980_LUFCY
r|Q2VvUS0|Q2VUS0_MOMCH

spIP84531|RIP_CUCMO

rB1B626|B1B626__TRIKI

SPIQSFOI3|IRIP1_GYNPE

o.os

Fig.5 Tree-lll depicts evolutionary relationships d p-momocharin (Ribosome Inactivating Protein of
Momordica charantia) with other Ribosome Inactivating Proteins.

In Fig.5 while on analysing Tree-lll it has beerurfid that curcumosin is ortholog fsmomocharin and the
remaining RIP’s (Bryodin-lI, Karasurin-H, Luffaculih B-luffin, Trichobakin, Trichomislin, Trichosanthinnd
Gynostemmin) in the cluster are paralogsptmomocharin. In the above depicted Phylogenetiestreach tree
comprises of sixteen proteins out of which ninetgirs were found in one cluster which were takenféiother
structural analysis and out of those nine proteinly for five the 3-D structures were found in PEi&ir PDB ID
along with their amino acid residues shown in Tdble

Table Ill. Phytoproteins with aminoacid residues am PDB ID

Phytoprotein No. of amino acid residue| PDB ID
B-luffin 278 INIO
Bryodin | 290 1BRY
Cucurmosin 244 3BWH
Luffaculin | 241 200QA
Trichosanthin 289 134G

And the rest four proteins were modeled with SWMSSDEL are shown in Table IV and the protein struesu
modeled are shown in Fig. 6, 7, 8 and 9 respegtivel

Table IV. Phytoproteins with aminoacid residues andassigned PDB ID

Phytoprotein | No. of amino acid residue| PDB ID
Karasurin-H 282 Model |
Trichobakin 247 Model Il
Trichomislir 27C Model Il
Gynostemmi 30C Model IV

Next, after superimposing the structures we goteigat proteins having the structure homologouth&ribosome
inactivating proteins oMomordica charantialt has been predicted that only curcumosin isdtbologue fors-
momocharin protein i.e. both of them retain samefion in the course of evolution and are more ellpselated
protein structures and are homologous in strucame function. The rest RIP’§-luffin, Bryodin, Gynostemmin,
Luffaculin, Karausin-H, Trichosanthin, Trichomislifirichobakin are paralogues to the Momordin-inomocharin
andp-momocharin respectively. In the Table 5 the phytoteins homologous to Momordica charantia RIPGngl
with their Root Mean Square Deviation (RMSD) valaes depicted in Table V.
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Fig.8 Fig.9

Table V. RMSD values of Phyto-proteins corresporidg to Momordin-I, a-momocharin and B-momocharin.

. Root Mean Square Deviation (RMSD) in A
Phyto-proteins - - -
Momordin-I a-momocharin B-momocharin

B-luffin 1.27 A 1.10 A 0973 A
Bryodin 0.627 A 0.603 A 0.91A
Curcumosin 1.47 A 1.37A 0.833 A
Gynostemmin 2.43A 2.39A 1.183 A
Karausin-H 1.96 A 1.88 A 0.733A
Luffaculin 0.55 A 0.527 A 0.828 A
Trichosanthin 0.084 A 0.812 A 0.908 A
Trichobakin 155 A 154 A 0.393A
Trichomislin 1.12 A 1.07 A 0.943 A

As a result of superimposition it has been fourat the protein structures with RMSD less than d\faund to be
structurally similar to the RIP’s dflomordica charantiaOut of these nine phytoproteins Gynostemmin shows
significant structural similarity with Momordin-Ina a-momocharin as its RMSD value is more than 2 A2.43A
and 2.39 A respectively. While it has been fourdilsir to p-momocharin with RMSD 1.183 A and therefore can
show the abortifacient property ggsnomocharin.

DISCUSSION

The impetus for research to identify novel chemieahplates from plants for the synthesis of actwé-fertility
compounds is very rare. Even if the studies coratlioh phyto-proteins serves to produce compountts vavel
structures, excellent activity, and negligible saffects, new molecular models will have been idieat for further
synthetic studies. The medicinal plants derivedgdrare being effectively used as a cure for a tané severe
diseases and disorders. The ribosome inactivatioigips are mostly of plant origin. The activityRIP varies from
substrate to substrate aside from depurinatingiboesomes ati-sarcin loop. RIP’s are found to be most effective
against both animal and plant ribosomes still theme certain speculations to be done on activityilmbsome
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inactivating proteins [10]. Although the prescidpt market for drugs made from plants is lucratpkant-derived
anti-fertility agents have not been investigatetbesively. Nowadays with the advent of Proteomind &enomics
the use high throughput techniques enhanced seiggeot many genomes is yielding a large number ighlly
curated protein sequences [11-13]. The use of silb@sactivating proteins as drug alternatives ig@ehapproach
towards the development of drugs. The functionthe§e phyto-proteins now need to be characterilebprated,
understood and manipulated. It is generally useflinow the three dimensional structures of thegins for the
identification of functional similarities of homalous phyto-proteins. In the absence of an expetimign
determined structure, comparative or homology nmindaelan sometimes provide a useful model of a prdtarget)
that is related to at least one known protein $timgc (template) [14,15]. To ameliorate this problera have
introduced anin-silico approach for the identification and modeling ofvelophyto-proteins showing the anti-
fertility property. The ribosome inactivating prioste (RIP’s) from plantMomordica charantiaare taken for the
present analysis shows the abortifacient prop&dya result of similarity search similar proteinere identified by
phylogenetic analysis it was found that some ofrttehowed similar functional and structural homoldgythe
RIP’s of Momordica charantisand some showed no significant similarity. Somgroftein structures similar to the
RIP’s of Momordica charantiawere modeled further on superimposing these praguctures of different RIP’s
from plants we found certain protein structuresalihivere more similar to the RIP’s Bfomordica charantiavere
predicted to show similar properties on the bastheir RMSD statistics. As for accuracy in struelsimilarity the
proteins which deviate (more than or equal) from $IM2A were discarded. Consequently, nine phytogimet
were predicted out of which Gynostemmin showedcstinal similarity only to3-momocharin since its RMSD value
falls within limits i.e. 1.183A.While for the resivo its RMSD value exceeds more than 2A. Therefor¢he basis
of structural similarity these all proteins cangredicted as novel proteins showing the anti-fgrtproperties. The
comparative protein structure modeling is relevianstructure-based functional annotation of pratesmd thus
enhances the impact of genome sequencing, strugmamics and functional genomics on biology aretlitine
[16].

CONCLUSION

The impact of tremendously rising population givise to economic decline, stagnation, global pgvdrtinger,
environmental devastation, political unrest etcerBfiore there exists a need to abolish this hikiagulation. In-
spite of the various effective synthetic anti-féstidrugs available there is a need to design wewgs of plant
origin with negligible side effects as comparedsymthetic ones. There are several approaches uteadfor the
proteome analysis here we have used the proteiresegs in order to get the alternatives for exgstnti-fertility
proteins. The Ribosome Inactivating Proteins segeenvere taken for study these proteins show thideatility

properties as reported iMomordica charantiataken here for study we have come up with ninecstral
homologues of this protein as a result of our aialthese phyto-proteins can also show the antlifigproperty as
reported in Ribosome Inactivating ProteindMidmordica charantia.
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