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This dissertation examine predictions of 3D-domain swapped cases and hinge region involved
 
in the 3D-Domain swapping in the proteome of "Sesamum indicum". 
 

 

 

 

3D-Domain swapping is a naturally occurring phenomenon found in every organism, including

 plants. It is a process of protein oligomerization usually seen  in  dimers  or  higher  oligomers

 hinge region, which  is  also  considered the  most  flexible  part of the  protein  and  acquires

 functional importance. When  these structural  domains gets  switched,  the  appearance  of  a

 "Domain swapped Interface" indicates that the structure is engaged in the domain  swapping.

The  comparison  of  the  hinge  fluctuations  through  molecular   dynamics   simulation  was

 performed        using       the      GROMACS     2020.1    software.    Analysis   plots   against

Root Mean Square Deviation (RMSD), the Radius of Gyration, Root Mean Square Fluctuation

(RMSF),  and  Solvent  Accessible  Surface Analysis  (SASA)  were  carried  out.

where similar domains or structural element  gets  exchanged  with the  help of  swapped  and
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CHAPTER 1                                                           INTRODUCTION  

 

are oligomeric (Goodsell & Olson, 2000) .  Because o f the advantages,  protein 

oligomers have over their monomers,  such as the increased likelihood of alloster ic  

control,  the emergence o f new act ive sites at  oligomer subunit  int er faces,  and the 

expansion in the local concentrat ion o f act ive sites i n o ligomeric st ructures as 

compared to  monomers,  which have the potent ial to  reserve larger bind ing surfaces,  

protein o ligomers have emerged (Upadhyay & Sowdhamini,  2019).  

 

One o f the protein o ligomerizat ion mechanisms is 3D -Domain swapping (Bennett,  

Schlunegger & Eisenberg, 1995) .  3D-Domain swapping is a process o f protein 

oligomerizat ion where two or more protein cha ins form dimer or higher o ligomers 

by exchanging an ident ical st ructural element  between the monomers (Upadhyay & 

Sowdhamini,  2019).  3D-Domain swapping is mainly expedited by some parts of the 

polypept ide that  is immersed in inter-chain interact ions; the hinge region and 

swapped regions.  A hinge region can be defined as a short stretch of amino acids 

that  connects the swapped region and the remaining st ructural core of the protein.  A 

swapped region is the st ructural segment  fo llowing the hinge region that  the other 

chain shares (Shameer et al. ,  2011).  

3D-Domain swapping was reported for the first  t ime in the st ructure of Diphther ia 

toxin in 1992, even though the predict ion of a similar st ructural phenomenon was 

also seen over four decades ear lier with dimers o f r ibonuclease (RNase) in 1962.  

The mechanism has gained much at tent ion in neurodegenerat ive diseases 

(Alzheimer 's) and pr ions because of its role in funct ional regulat ion, the evo lut ion 

of higher oligomers,  protein misfo lding, etc.  (Shameer et al. ,  2010 ).  

The phenomenon o f 3D-Domain swapping is also seen in severa l cases of plants,  

such as bleomycin resistance, the light -harvest ing complex o f photosystem II in 

Ocimum tenuif lorum  found to be invo lved in many diverse funct ions (Upadhyay & 

Sowdhamini,  2019).  

 

 

 

A recent analys is o f prot eins shows t hat approximat ely 35% of t he prot eins in a cell
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3D-Domain swapping is a protein o ligomerizat ion process in which the monomer 's  

subunit s get  interchanged with the help of Hinges to  form either a Dimer or any 

higher o ligomer.  

From the below (Figure 1),  it  is visible that  there is a monomeric st ructure with it s  

domains linked with the Hinges.  When the Domains or st ructural element  gets 

exchanged with each other,  it  is called "Swapped D omain" in the presence o f Domain 

swapped inter face and is said to be invo lved in 3D -Domain swapping. On the other 

side,  if t he Domains or st ructural element s are not  gett ing exchanged, then that  is  

the case o f "Non-Domain swapp ing."  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Structural Representation of 3D -Domain Swapping  
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1.1 Research Gap  

 

Many studies have explored the aspects of 3D -Domain swapping in p lants,  such as 

the light -harvest ing complex o f photosystem II,  bleomycin resistance, and SET 

domain protein methyl- t ransferase (Upadhyay & Sowdhamini,  2019) .  Recent  studies 

have shown the 3D Domain Swapping Dimer izat ion o f the Receiver Domain o f 

Cytokinin Receptor CRE1 From Arabidopsis thaliana and Medicago truncatula 

(Tran, Urbanowicz,  Jasiński,  Jasko lski & Ruszkowski,  2021 ) .  Prior genet ic work has 

been carr ied out in t he who le genome of Ocimum tenuif lorum  (ho ly basil)  to  study 

the domain-swapped sequences invo lved in the plant 's genome. Approximately 25% 

of the proteins of Ocimum tenuif lorum  were ant icipated to  undergo 3D-Domain 

swapping, and 12% of the sequences engaged in diverse ro les in plants,  such as t he 

Defence mechanism o f plants in biot ic and abiot ic st ress (Upadhyay & Sowdhamini,  

2019) .  In the present  study, the proteome of “Sesamum indicum” has been selected,  

and t r ied to  compare hinges o f t he monomeric and dimer ic st ructures of the proteome 

using Molecular Dynamics simulat ion.  
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1.2 Aim of the Study 

 

 Predict ion o f 3D-Domain swapping cases in the proteome o f Sesamum 

indicum  

 

 To predict  the hinge region in swapped proteins.  

 

 To validate the predict ions o f 3D-Domain swapping and respect ive hinge by 

molecular dynamics simulat ion studies  
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CHAPTER 2                                            REVIEW OF LITERATURE 
 

 
The phenomenon o f 3D-Domain swapping is the exchange o f st ructural domains 

between molecules o f the same protein to  form dimer or higher o ligomers (Rousseau,  

Schymkowitz & Itzhaki,  2012).  The unit  st ructure of domain-swapped o ligomers is  

const itut ive ident ical to  the corresponding monomer st ructure,  excluding the hinge  

region that  links the interchanged regions (Hirota,  Mashima & Kobayashi,  2021).  

 In 1992, 3D-Domain swapped st ructure was reported in the diphther ia toxin for the 

first  t ime (Upadhyay & Sowdhamini,  2019) .  After that ,  3D-Domain Swapping has 

been reported to  occur in many natural proteins and is invo lved in protein deposit ion 

diseases (Bennett,  Sawaya & Eisenberg, 2006).  S ince then, several proteins have 

been known to display 3D-Domain Swapping, increasing. Over 600 3D-Domain 

Swapping st ructures have been submit ted  to  the Protein Data Bank (PDB)  (Hirota,  

Mashima & Kobayashi,  2021) .  Most swapped domains are at  either the N- or C-

terminus.  The swapped domains are diverse in their pr imary and secondar y 

st ructures (Liu & Eisenberg, 2002),  indicat ing that  almost  any protein may undergo  

3D-Domain Swapping .  

 

2.1 Sesamum indicum : Evolutionary  History, Genome analysis,  and Medicinal  

     Uses 

 

2.1.1 Evolutionary History  

Sesamum indicum commonly called sesame, which is an annual plant  of the family 

"Pedaliaceae." It is one of the aged oilseed crops extens ively grown in Asia for its  

super ior nutr it ional seeds (Dossa et al. ,  2017)  Due to  its potency o f resistance to 

oxidat ion and rancidity,  it  is  also known as the "Queen o f Oilseeds" (Miraj & Kiani,  

2016)  

 Research history fo llowed three significant  per iods:  

1.  Germplasm collection and genebank constitution era (<2000):  In t he first  

era before 2000, the co llect ion o f genet ic mater ials o f cult iva ted sesame and 

related wild spec ies were taken from many growing areas,  they were 

morpho logically character ized, and different  seedbanks were set  up in several 

countr ies (Dossa et al. ,  2017) .  
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2.  Classical breeding and genetics era (2000 -2013):  The second era in S.  

Indicum  research (2000–2013) was dist inguished by implement ing classica l 

breeding methods. This era invo lved some attainments like the interspecific  

crossing, the development  of molecular markers such as AFLP, RAPD, SSR, 

etc. ,  studies o f Genet ic Diversit y,  marker-assisted Breeding, and study o f 

sesamum o il nutr it ional and pharmaceut ical propert ies (Dossa et al. ,  2017).  

3.  Omics era (>2013):  With the complet ion of the  fina l era after 2013, numerous 

research studies have been generated like Chloroplast  & N uclear genome 

sequencing, RNA sequencing, Genome sequencing, online database 

construct ion, Associat ion mapping, Gene family funct ional study, u lt ra -dense 

genet ic maps, development  of informat ive molecular markers such as SNPs,  

etc.  which is being used for the improvement  o f S. indicum (Dossa et al. ,  

2017).  

 

2.1.2 Genome sequencing of the critical oilseed crop Sesamum indicum L  

The Sesame Genome Working Group (SGWG) was created to  assemble the sesame 

(S. indicum L.) The main Aim of the Sesame Genome Project  is to  furnish a fine map 

of S. indicum and aid the learning of global and funct ional genomic studies  (Zhang 

et al. ,  2013)  

 

2.1.3 Characterization of Thioesterase Gene in S. Indicum using Bioinformatics  

Tools  

After examining obtained sequences o f thioesterase -related proteins,  it  was found 

that  ret rieved thioesterase subgroups clusters mainly belonged to dicots as Sesamu m 

is a eudicot  species.  Code hop and web pr imer showed amplificat ion for thioesterase.  

Thioesterase obtained sequences exhibit  high homology with Arabidopsis,  Brassica 

sp,  Mus musculus,  and Homosapien's thioesterase genes (B & DSRS, 2017) .  

 

2.1.4 Genome Analysis in Abiotic stress  

Mult iple abiot ic st ress affects the growth and product ion o f S.indicum .  Raffinose 

family o ligosacchar ides (RFOs),  raffinose,  and stachyose play a crucial ro le in plant  

tolerance and seed development .  7 SiGolS and 15 SiRS genes were ident ified in t he 

genome o f S.indicum analyzed under var ious abiot ic st resses indicat ing that  these 

genes were significant ly regulated by drought ,  osmotic,  salt ,  and water logging  

st resses  (You et al. ,  2018).  
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2.1.5 Medicinal Uses  

Ant ioxidant  studies o f sesame show that  it  enhances Vit amin E 's redempt ion, boost  

liver funct ions and protects against  oxidat ive st ress induced by alcoho l.  Sesame 

decreases cho lestero l levels while increasing high-density lipoprotein levels.  The 

ant imicrobia l studies o f sesame show that  it  is a natural ant ibacter ial for skin 

pathogens like Streptococcus and Staphylococcus.  It helps pat ients suffer ing fro m 

dry skin concerns and psor iasis.  Ant i-cancerous studies show that  sesame inhibit s 

the growth of malignant  melanoma. It  is  also found that  intake of sesame seeds 

enhances the plasma γ tocophero l and increases t he act ivity o f vit amin E, prevent ing 

heart  diseases and cancer (Ahmed, 2019) .  

 

3D-Domain swapping is classified into three types: Bonafide 3D -Domain swapping,  

quasi domain 3D-Domain swapping, and candidate for 3D-Domain swapping. Table 

2.1 illust rates some character ist ics,  such as it s examples with PDB code and their  

funct ions.  

 

TABLE 2.1: Classification of 3D-Domain Swapping 

 

 Definition  Proteins PDB     

Code 

Function  Structure 

of     

Domain 

swapped 

References  

Bonafide 

3D-

Domain 

swapping 

In a protein 

molecule,  if both 

the monomer & 

dimer exist  in a 

steady 

configurat ion in 

which the dimer 

acquires a closed 

configurat ion 

(Schlunegger,  

Bennett & 

Eisenberg, 1997)  

1. Barnase 

monomer  

 

2.Barnase  

    t rimer  

1BRN 

 

 

1YVS 

Ribonuclease  

 

 

Ribonuclease  

    _ 

 

 

N- 

termina l 

helices 

(Buckle,  

Schreiber & 

Fersht,  

1994)  

(Zegers,  

Deswarte & 

Wyns, 1999)  



Page | 9  

 

Quasi-

Domain    

3D-

Domain 

swapping 

I f a protein form 

int ertwined, 

domain-swapped 

oligomers without  

a known closed 

monomer 

(Schlunegger,  

Bennett & 

Eisenberg, 1997)  

1.  CksHs1 

 monomer 

 

 

 

2.  CksHs2 

    dimer  

1DKS 

 

 

 

 

1CKS 

Cell cyc le 

regulat ion 

 

 

 

Cell cyc le 

regulat ion 

   _ 

 

 

 

 

C-

termina l 

beta-

st rand 

(Arvai,  

Bourne, 

Hickey & 

Tainer,  

1995)  

 

(Parge, 

Arvai,  

Murtari,  

Reed & 

Tainer,  

1993)  

 

Candidate 

for 3D-

Domain 

swapping 

 If a protein forms 

an oligomer by 

switching 

domains,  but  there 

is no monomeric 

configurat ion 

(Schlunegger,  

Bennett & 

Eisenberg, 1997)  

1.  

Bleomycin 

resistance 

protein 

dimer  

 

2.  Simian 

  virus 40  

 oligomer 

1YBL 

 

 

 

 

1SVA 

Bleomycin 

resistance  

 

 

 

Virus coat  

protein 

N-

termina l 

beta-

st rand 

 

C-

termina l 

helix and 

st rands 

(Dumas, 

Bergdoll,  

Cagnon & 

Masson, 

1994)  

 

(Stehle,  

Gamblin,  

Yan & 

Harrison, 

1996)  
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There are several examples available that  are invo lved in 3D -Domain swapping in 

plants.  Some Plant  molecules are listed in Table 2.2 with their PDB code.  

 
 

 

TABLE 2.2: List of Plants previously studied in 3D -Domain swapping 

 

S. No. Molecule names  PDB ID References  

Monomer Dimer 

1. Crystal st ructure of saposin like 

the domain o f plant  aspart ic 

protease from Solanum tuberosum  

3RF1 _ (Bryksa et al. ,  2011)  

2.  Crystal st ructure of SNC1 from 

Arabidopsis thaliana  

5TEC 5H3C (Hyun, Lee, Yoon, Yi 

& Song, 2016)  

3.  Crystal st ructure of Arabidopsis  

WD40 domain in complex with 

flower ing t ranscr ipt ion factor 

homolog 

 _ 6QTS (Lau, Podolec,  

Chappuis,  Ulm & 

Hothorn, 2019)  

4.  Structure of a plant  NLR 

resistome conferr ing immunit y 

 _ 6J5T (Wang et al. ,  2019)  

5.  Structure of the calmodulin-

bind ing domain o f plant  calcium 

ATPase ACA8 

2M73  _ (Bonza et al. ,  2000)  

6.  Cryo-EM structure of plant  NLR 

RPP1 LRR-ID domain in complex 

with ATR1 

 _ 7CRB (Ma et al. ,  2020)  

7.  Structure of the plant  

t ranscr ipt ional regulator PBF-2 

 _ 1K3A (Desveaux, Allard, 

Brisson & Sygusch, 

2002)  

8.  Nat ive crystal st ructure analys is 

on Arabidopsis  dUTPase  

_ 2PC5 (Bajaj & Moriyama, 

2007)  

9.  Crystal st ructure of Rice 

cellulose synthase plant  

conserved Region (P-CR) 

5JNP  _ (Rushton et al. ,  

2016)  
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10.  Crystal st ructure of plant  

Defensin NsD7 bound to PIP2.  

 _ 5VYP (Järvå, Lay, Hulett & 

Kvansakul,  2017)  

11.  Plant  cysteine oxidase PCO5 

from Arabidopsis thaliana  

6SBP  _ (White,  Kamps, East,  

Taylor Kearney & 

Flashman, 2018)  

12.  Structure of pseudokinase 

domain o f BIR2, immune 

regulator of RLK/Pelle family  

4L68  _ (Blaum et al. ,  2014)  

13.  Cryo-EM structure of plant  NLR 

RPP1 tet ramer core part  

 _ 7DFV (Ma et al. ,  2020)  

14.  Cryo-EM structure of plant  NLR 

RPP1 tet ramer in complex with 

ATR1 

 _ 7CRC (Ma et al. ,  2020)  

15.  
Crystal st ructure of the 

Arabidopsis thaliana  O-acetyl 

ser ine Sulfhydrylase K46A 

mutant .  

1Z7Y  _ (Bonner,  Cahoon, 

Knapke & Jez,  2005)  
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CHAPTER 3                                            MATERIALS & METHODS 

 
3.1 Protein sequence resources  

The  S.  indicum  (Sesamum orientale,  cv. Zhongzhi No.13) proteome  was administered 

from a public ly available UniProt database ( https://www.uniprot.org ).  It  contains a 

wide range of proteomes inc luding Bacter ia - 346,247; Viruses- 105,437; Archae-  

3667; Eukaryota- 3758.  UniProt is a Protein Database containing many details  

regarding the bio logical funct ion o f proteins.  The total protein count  in the comp lete 

proteome o f “Sesamum indicum” is 24,109. 

3.2 Identification of 3D-Domain swapping cases  

3dswap-pred web server  (http://caps.ncbs.res.in )  was used for analyzing the “3D-

Domain swapping” sequences in S. indicum. 3Dswap-pred is a web server  

spec ifically designed to predict  the 3D-Domain swapping in a protein st ructure.  The 

FASTA sequence needs to be uploaded to the server,  and the result s could be 

expected. From the total count  of proteomes o f S. indicum, only reviewed sequences 

were taken for further analys is in which out  of 15 reviewed sequences of S.indicum,  

10 sequences were found to be invo lved in the case of 3D -Domain swapping.  

 

3.3 Proteome of S. indicum  

➢ 11-beta-hydroxystero id dehydrogenase A 

The enzyme 11-beta-hydroxyst ero id dehydrogenase A is an enzyme that  is invo lved 

in turning act ive cort iso l into inact ive cort isone. The SOP2 gene, also known as 

steroleosin,  is present  in the enzyme and is known in t he o il bodies of Sesamum 

indicum and expressed in developing seeds.  Dehydrogenases/reductases,  which are 

invo lved in the t ransmiss ion o f plant  signals controlled by var ious sterols,  are 

classified as preferable stero leosin proteins  (Lin & Tzen, 2004).  

➢ Peroxigenase  

Tr iacylglycero ls form the matr ix o f t he plant  seed o il bodies,  which are encased in 

a mono layer o f phospho lipids that  is r ich in o leosins and contains a few t race 

proteins.  Sesame o il bodies contain three small proteins that  have been discovered 

and are current ly known as Sops 1 -3. Storage lip id in o il bodies is broken down by 

a peroxygenase that  binds to  calcium. Perhaps invo lved in the interact ion between 

oil bodies and vacuo les dur ing seed germinat ion  (Chen, Tsai & Tzen, 1999)  

https://www.uniprot.org/
http://caps.ncbs.res.in/
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➢ 11S globulin seed storage protein 2  

The two main storage proteins in sesame make about  80–90% of the total seed 

proteins: inso luble 11S globulin and so luble 2S albumin, somet imes known as alpha -  

and beta-globulin in common usage. Sesame 11S globulin and 2S albumin precursors 

were ident ified by sequencing two full - length cDNA clones,  respect ively.  According 

to  the inferred amino acid composit ion,  2S albumin, but  not  11S globulin,  is a  

protein with a high sulphur content  (Tai,  Wu, Chen & Tzen, 1999) .  

 

3.4 Homology searches & Structure selection  

Reviewed sequences o f selected proteins of S. indicum  were submit ted to  the NCBI 

(Nat ional Centre for Biotechno logy Informat ion) websit e performing BLAST P 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi )  against  Protein Data Bank  

(https://www.rcsb.org ).    

“Prephanate dehydrogenase” was selected amongst  the 15 reviewed sequences o f S.  

indicum and searched against  PDB, var ious conformat ions were seen o f the protein 

having different  PDB structures.  The PDB structure was chosen fo llowing the 

desired cr iter ia,  inc luding confirmat ion of the st ructure (i.e. ,  monomer, dimer,  or 

any higher o ligomer),  vis ibilit y o f chain swapping, and st ructure resolut ion.  

Synechocystis  aerogenate dehydrogenase crystal st ructure (PDB ID: 2F1K), with a 

Dimer conformat ion, was selected consider ing all the requirements.  

Synechocystis  sp.  (PCC 6803) is one o f the major ly considered species segregated 

in 1968 from freshwater.  The who le genome of t he species has been sequenced,  

comprising it s four endogenous plasmids,  & about  3000 genes have now been 

int erpreted. Moreover,  biochemical likewise between the plant  chloroplasts and 

Synechocystis 6803 produce a supreme sys tem for analysing the molecular procedure 

for pr imary st ress responses in higher plants (Yu et al. ,  2013).  

Aerogenate dehydrogenase is an enzyme responsible for tyrosine format ion using 

the aerogenate route (Legrand et al. ,  2006)  found in the  cyanobacter ium 

Synechocystsis  sp.  PCC6803; a TyrA protein family enzyme invo lved in the 

biosynthesis of L-tyrosine via the aerogenate route, with prephenate 

aminotransferase that  acts as a t yrosine precursor.  

Reaction catalysed :  

L-arogenate + NAD+                L-tyrosine + NADH + CO 2  

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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3.5 Hinge Identification  

Hinge ident ificat ion was performed using the Hingeprot  server  

(http://bioinfo3d.cs.tau.ac.il )  and PACKMAN (https://PACKMAN.bb.iastate.edu/ )  for 

a bet ter compar ison.  

3.5.1 HingeProt  Server  

HingeProt  mainly shows a focal po int  on the r igid part  & Hinge region o f a protein 

st ructure. The hinge region is considered an essent ial part  of any st ructure as it  is  

invo lved in mot ions that  are likely to  have funct ional importance (Emekli,  

Schneidman-Duhovny, Wolfson, Nussinov & Haliloglu,  2007)  

I t  is based on Elast ic network models (ENM) using the Gaussian Network Model 

(GNM), which is respons ible for mean square fluctuat ions o f residues in the slowest  

two modes  (Haliloglu,  Bahar & Erman, 1997) ,  and the Anisotropic network mode l 

(ANM), which is responsible for the direct ion o f fluctuat ions (Atilgan et al. ,  2001) .   

The PDB file o f the selected proteins was uploaded along with the chain select ion 

and the cut -off distance for GNM & ANM, respect ively,  to  get  the fina l HingeProt 

output.  Generally,  the GNM model is preferred over the ANM model because it  o ffers 

more robust  results.  
 

3.5.2 PACKMAN- Packing and Motion analysis  

PACKMAN is another online tool that  stands for Packing and mot ion analys is.  It  is  

an online web server des igned to predict  the hinge region. It  is based on three 

different  parameters such as alpha values,  cluster ing parameter (k) values,  and a 

minimum hinge length parameter for the predict ion o f hinge residues.  

The web server requires a  PDB file  with an alpha value o f 2.8,  a c luster ing parameter  

value o f 4,  and a minimum hinge length value o f 5 which ar e set  as default ,  and can 

be changed according to  the requirement  of a closed or open form o f the hinges 

(Khade, Kumar & Jernigan, 2020)  
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3.5.3 PyMol  

To visualize the Hinge region o f the 3D-protein st ructure manually,  PyMol 

(https://pymol.org) was also  used. It  is a graphic tool that  accesses the informat ion 

of macromolecules such as proteins in the PDB file and then provides the perk s to 

modify the st ructures accordingly as per the desired requirement .  

3.6 Molecular Dynamic Simulation  

Molecular dynamics (MD) is a computat ional simulat ion approach for examining the 

phys ical movements o f atoms and molecules (Patodia, 2014) .  MD simulat ion o f the 

proteins was performed using GROMACS 2020.1 software package. The elements o f 

the simulat ion system were protein and water.  All the MD simulat ions were 

accomplished operat ing force fie ld,  CHARMM36  (Huang et al. ,  2016) .  

MD simulat ion was performed for “2F1K: Crystal st ructure of Synechocyst is 

aerogenate dehydrogenase” and it s monomer to  compare the f luctuat ions o f hinges.  

3.6.1 Molecular Dynamics Simulation Steps:  

Molecular Dynamics simulat ion comprises seven steps from creat ing the init ial state 

such as generat ing the topology, adding box and so lvat ion to  the biomolecule 

(protein),  and ion addit ion to  the so lved system. Then there is  an introduct ion to  the 

int eract ion potent ial,  such as minimizing the energy and equilibrat ion. Fina lly,  the 

predict ion o f t he movement  of the biomolecule was analyzed based on MD Run 

("Lysozyme in Water",  2022) .  

1.  Generat ing the Topology:  

Topology is generated as it  reserves the informat ion which is necessary to  

define within a simulat ion.  

2.  Add Box and so lvat ion to the system:  

A box is defined around a protein and then water molecules are added to the 

system.  

3.  Add Ions to  the so lved system 

Ions are added to br ing equilibr ium to the system when any protein does not  

have part icular charges.  
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4.  Energy Minimizat ion 

 It is used to br ing down the overall energy o f the protein to  make it  stable.  

5.  Equilibrat ion o f system 

It is done concerning the constant  pressure,  and constant  temperature to  

equilibrate the so lvent  and ions around the protein.  

6.  Molecular Dynamics Product ion run  

The MD simulat ion o f the protein is perfo rmed for a specific t ime (ns).  

7.  Analys is  

The protein is simulated and the fina l analysis is performed on the syste m 

such as RMSD, RMSF, Radius of Gyrat ion, and SASA plot  

 

Gromacs statement used in Molecular Dynamics simulation.  

 

1.  GENERATE TOPOLOGY 

  pdb2gmx - f protein.pdb -o protein_processed.gro -water spce - ignh 

 

2.  DEFINE BOX DIMENSION & ADD SOLVATE  

  editconf - f protein_processed.gro  -o protein_newbox.gro -c -d 1.0 -bt  

t riclinic  

  genbox -cp protein_newbox.gro -cs spc216.gro -o protein_so lv.gro -p 

topol. top 

 

3.  ADD IONS 

Download mdp file  

  gmx grompp - f ions.mdp -c protein_so lv.gro -p topol. top -o ions.tpr  

  gmx genion -s ions.tpr -o  protein_so lv_ions.gro -p topol. top -pname NA -

nname CL -neutral 

NOTE: choose 13 for embedded ions  
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4.  ENERGY MINIMIZATION 

Downlaod .mdp file  

  gmx grompp - f minim.mdp -c protein_so lv_ions.gro -p topol. top -o em.tpr 

  gmx mdrun -v -deffnm em 

  gmx energy - f em.edr -o potent ial.xvg  

Press “10 0” to select  potent ial  

To visualise the plot  

  xmgrace potent ial.xvg  

 

 

5.  EQUILIBRATIONON 

PHASE 1 

Downlaod .mdp file  

  gmx grompp - f nvt .mdp -c em.gro -p topo l. top -o nvt .tpr 

  gmx mdrun -v deffnm nvt  

  gmx energy - f nvt .edr -o  temperature.xvg  

Type “16 0” to  select  temperature  

To visualise the plot  

  xmgrace temperature.xvg  

 

PHASE 2 

Download .mdp file  

  gmx grompp - f npt .mdp -c nvt .gro -t  nvt .cpt  -p topol. top -o npt . tpr 

  gmx mdrun -v deffnm npt  

  gmx energy - f npt .edr -o pressure.xvg  

Type “18 0” to  select  pressure  

 

6.  PRODUCTION MD 

Download .mdp file  
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  gmx grompp - f md.mdp -c npt .gro -t  npt .cpt  -p topol. top -o md_0_30.tpr  

  gmx mdrun -v deffnm md_0_30 -nt  16 

ANALYSIS 

  t rjconv -s md_0_30.tpr -f md_0_30.xtc -o md_0_30_noPBC.xtc -pbc mol -

center 

NOTE: Select  “1” for protein and “0” for system for the output  

1.  RMSD 

  gmx rms -s md_0_30.tpr -f md_0_30_noPBC.xtc -o rmsd.xvg -tu ns 

NOTE: Select  "4" for backbone for both least  square & RMSD  

2. RADIUS OF GYRATION 

  gmx gyrate -s md_0_30.tpr -f md_0_30_noPBC.xtc -o gyrate.xvg  

3.  RMSF 

  gmx rmsf -s md_0_30.tpr -f md_0_30_noPBC.xtc -o rmsf.xvg  

4.  SASA 

  gmx sasa -s md_0_30.tpr -f md_30_noPBC.xtc -o sasa.xvg  

 

 

 

 

 

 

 

 

 

 

 



Page | 19  

 

CHAPTER 4                                                                        RESULTS  

 

4.1 Protein sequence resource  

The UniProt search count  of S. indicum  produced a protein count  of 24,109, with 

24,094 as unreviewed and 15 as reviewed sequences.  Reviewed sequences were taken 

for the further analys is o f 3D-Domain swapping. Here is the list  of r eviewed 

sequences for the proteomes o f S. indicum  available in the UniProt  database.  

 

TABLE 4.1: Reviewed sequences in the Proteome of Sesamum indicum in the 

UniProt database  
 

 

 

 

S. No. Protein Names 

 

Genes Names Organism Length 

 1. Prephenate 

dehydrogenase  

    TyrA Sesamum indicum 

(Oriental sesame) 

(Sesamum orientale)  

 279 AA 

 2. 11-beta-hydroxystero id 

dehydrogenase A 

    SOP3 Sesamum indicum  

(Or iental sesame) 

(Sesamum orientale)  

 348 AA 

 3. Peroxygenase      SOP1 Sesamum indicum  

(Or iental sesame) 

(Sesamum orientale)  

 245 AA 

 4. Oleosin L  Sesamum indicum  

(Or iental sesame) 

(Sesamum orientale)  

 145 AA 

 5. Ribulose bisphosphate 

carboxylase large chain  

      rbcL Sesamum indicum  

(Or iental sesame) 

(Sesamum orientale)  

 443 AA 

 6. Oleosin H1  Sesamum indicum  

(Or iental sesame) 

(Sesamum orientale)  

 166 AA 

 7. 2S seed storage protein 1   Sesamum indicum  

(Or iental sesame) 

(Sesamum orientale)  

 148 AA 
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 8. Cytochrome c   Sesamum indicum  

(Or iental sesame) 

(Sesamum orientale)  

 111 AA 

 9. (+)-piper ito l/(+)-sesamin 

synthase CYP81Q1 

    CYP81Q1 Sesamum indicum  

(Or iental sesame) 

(Sesamum orientale)  

 506 AA 

 10. NAD(P)H-quinone 

oxidoreductase subunit  

5,  chloroplast ic  

      ndhF Sesamum indicum  

(Or iental sesame) 

(Sesamum orientale)  

 684 AA 

 11.  Oleosin H2  Sesamum indicum  

(Or iental sesame) 

(Sesamum orientale)  

 144 AA 

 12. Inosito l-3-phosphate 

synthase  

 Sesamum indicum  

(Or iental sesame) 

(Sesamum orientale)  

 510 AA 

 13. Omega-3 fat ty acid 

desaturase,  chloroplast ic  

      FAD7 Sesamum indicum  

(Or iental sesame) 

(Sesamum orientale)  

 447 AA 

 14. Ant imicrobia l protein 2   Sesamum indicum  

(Or iental sesame) 

(Sesamum orientale)  

 99 AA 

 15. 11S globulin seed 

storage protein 2  

 

 Sesamum indicum  

(Or iental sesame) 

(Sesamum orientale)  

 459 AA 
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4.2 Identification of 3D-Domain swapping 

The 3Dswap-pred server was used to  ident ify 3D-Domain swapped sequences o f S.  

indicum. The FASTA sequences o f reviewed cases o f S. indicum  were submit ted to 

the 3Dswap-pred server,  and amongst  the 15 reviewed cases - 10 cases were found to 

be invo lved in 3D-Domain swapping.  

 

TABLE 4.2: Sesamum indicum : 3D-Domain swapped cases in reviewed sequences  

 

S. No. Entry Protein Names Length Domain/Non

-Domain 

References  

1. O04925 Oleosin H2 144 NO Chen J.C.,  et al. ,  

1997; Tai S.S.  et al. ,  

2002 

2. Q9SQ57 Peroxygenase  245 NO Chen, Tsai & Tzen, 

1999; Lin et al. ,  2005; 

Jiang et al. ,  2008; 

Chen et al. ,  1998; 

Hsiao & Tzen, 2011.  

3. B3EWE9 Ant imicrobia l 

protein 2  

99 YES Maria-Neto S.  Et al. , 

2011 

4. Q9XHP1 2S seed storage 

protein 1  

148 YES Tai S.S.K et al. ,  1999; 

Wolf f  N. Et al. ,  2003 

5. Q9XHP0 11S globulin seed 

storage protein 2  

459 YES Tai S.S.  et al. ,  1999; 

Wallowitz M.L. et al. ,  

2007; Beyer K et al. ,  

2007 

6. P48620 Omega-3 fat ty acid 

desaturase,  

chloroplast ic  

447 YES Shoji K, 1995  

7. Q9FYV1 Inosito l-3-

phosphate synthase  

510 YES Jin U.-H and Chung  

C.-H.,  2000 

https://www.uniprot.org/uniprot/O04925
https://www.uniprot.org/uniprot/Q9SQ57
https://www.uniprot.org/uniprot/B3EWE9
https://www.uniprot.org/uniprot/Q9XHP1
https://www.uniprot.org/uniprot/Q9XHP0
https://www.uniprot.org/uniprot/P48620
https://www.uniprot.org/uniprot/Q9FYV1
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8.  P73906 prephenate 

dehydrogenase  

279 YES Legrand, P. Et al.,  

1994 

9. -Q9FUJ9 Oleosin H1 166 NO Tai S.S et al. ,2002; 

Leduc V. Et al. ,  2006 

10. P00054 Cytochrome c  111 NO Thompson E.W. et al. ,  

1971 

11. Q8LKV5 11-beta-

hydroxystero id 

dehydrogenase B 

362 YES Lin L.J.  et al. , 2002; 

Chen E.C. et al. ,  1998; 

Lin L.J. ,  Tzen J.T.,  

2004 

12. Q9XHP2 Oleosin L 145 NO Tai S.S.  et al. ,  2002; 

He F.,  Wu Y.,  Liu Z, 

2008; Leduc V. Et al. ,  

2006 

13. P36487 Ribulose 

bisphosphate 

carboxylase large 

chain  

443 YES Olmstead R.G et al. ,  

1993 

14. Q33DYO (+)-piper ito l/(+)-

sesamin synthase 

CYP81Q1 

506 YES Ono E et al. ,  2006 

15. Q33113 NAD(P)H-quinone 

oxidoreductase 

subunit  5,  

chloroplast ic  

684 YES Olmstead R.G & 

Reeves P.A, 1995 

 

 

 

 

 

 

 

https://www.uniprot.org/uniprot/Q8LKV5
https://www.uniprot.org/uniprot/Q9XHP2
https://www.uniprot.org/uniprot/Q33113
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4.3 Homology Identification & Structure selection  

Amongst  the reviewed “3D-Domain swapped” cases,  “Prephenate dehydrogenase" 

was selected, and then Blast  P was performed against  the Protein data bank (PDB) 

to explore the homology sequences.  After performing BLAST P, some sequences 

have shown similar it ies concerning the target  protein.  

The selected PDB structure was "Crystal st ructure of Synechocyst is arogenate 

dehydrogenase (PDB ID: 2F1K) ”. The protein conformat ion o f this protein is Dimer  

with the int eract ing ligands like NADP Nicot inamide-Adenine dinuc leot ide 

phosphate (NAP) & 2-Amino-2-Hydroxymethyl-propane-1,3-Dio l (TRS), in which 

swapping o f the domains can be seen easily within chains o f the protein.  

4.3.1 PDB Structures of 2F1K: Crystal structure of  Synechocystis  aerogenate  

        dehydrogenase  

 

 

                             

 

 

                       

Figure 2: PDB of crystal st ructure of Synechocystis  aerogenate dehydrogenase: 

2F1K dimer  

 

 

 

          

 

 

  

 

Figure 3: PDB of crystal st ructure of Synechocystis  aerogenate dehydrogenase: 

2F1K monomer  

Chain A 
Chain B 
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4.4 Hinge Prediction  

 

4.4.1 HingeProt  

Using the HingeProt  server,  the hinge res idues were ident ified based on the GNM & 

ANM methods and chain select ion. It  has two modes in GNM, including slowest  

mode 1 & slowest  mode 2.  After uploading the PDB file  to  the server,  the output  

was displayed.  

 

Table 4.4.1: HingeProt showing hinge residues in the slowest two modes of  

                   GNM in 2F1K dimer 

 

Slowest  Mode 1 

Rigid Part No  Residues  

1 A:1-180,224-243 

2 A:181-223 

3 A:244-278; B:1-191,213-279 

4 B:192-212 
  

Hinge res idues: 180A 223A 243A 191B 212B 

 

Slowest  Mode 2 

Rigid Part No  Residues  

1 A:1-162 

2 A:163-278; B:168-279 

3 B:1-167 
 

Hinge res idues: 162A 278A 167B 

 

Table 4.4.2:  HingeProt showing h inge residues in the slowest two modes of  

                    GNM in 2F1K monomer 

 

Slowest  Mode 1 

Rigid Part No  Residues  

1 A:1-171 

2 A:172-278 
 

Hinge res idues:  171A  
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Slowest  Mode 2 

Rigid Part No  Residues  

1 A:1-167 

2 A:168-245 

3 A:246-278 
 

Hinge res idues:  167A 245A 

 

4.4.3 PACKMAN Web Server  

The web server requires a PDB file and an alpha value of 2.8 set  as default ,  it  can 

be changed according to  the requirement  of a closed or open form of the hinges.  

 

Table 4.4.3.1: PACKMAN showing h inge residues in 2F1K Dimer 

 Protein Name 

 

 PDB ID  Hinge  Posit ion 

    

   

  

  

  Synechocystis  aerogenate  

  

  

 

 

2F1K 

 1 (Chain A)    THR-166 to VAL-184 

 2 

 

  ASN-222 to ASP-249 

 3 (Chain B)  

 

 PRO-167 to MET-183 

 4 

 

 

 LEU-225 to ASP-249 

 

Table 4.4.3.2: PACKMAN showing h inge residues in 2F1K Monomer 

 

 

  PDB ID  Hinge  Posit ion 

 

  

 

2F1K 

  1  PRO-167 to MET-183 

  2 

 

 LEU-225 to LEU-248 

 

 

Crystal structure of

dehydrogenase

Protein Name

Crystal Structure of   Synechocystis
aerogenate dehydrogenase
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4.5 PyMol Visualization of h inges 

Pymol is  a protein visualizat ion tool spec ifically designed to view the 3D 

conformat ion o f the protein molecule.  The PDB file  o f the proteins was uploaded in 

the Pymol so ftware,  and then the sequence was selected in the display opt ion to  

check for the hinge reg ion invo lved in 3D-Domain swapping. Therefore,  the Pymo l 

can manually show the hinge regions invo lved in 3D -Domain swapping.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4:  Pymol visualizat ion of h inge region (HingeProt) in 2F1K dimer  

 

 

 

 

 

 

 

 

  

 

 

     Figure 5: Pymol visualizat ion o f h inge region (HingeProt) in 2F1K monomer  

 

 

PRO 167 

PRO167 

ILE 162 
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Figure 6: Pymol visualizat ion of Hinge regio n (PACKMAN) in 2F1K d imer  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7:  Pymol visualizat ion o f Hinge region (PACKMAN) in 2F1K monomer  

    

 

 

 

 

 

PRO 167 

THR 166 

PRO 167 
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 4.6 Molecular Dynamics Simulation Studies  

The Molecular Dynamics simulat ion was carr ied out  for the proteins "2F1K: Crysta l 

st ructure of Synechocystis  aerogenate dehydrogenase" and it s monomeric st ructure. 

MD simulat ion was performed for 30 nanoseconds and analysed for Root  Mean 

Square Deviat ion (RMSD), Root  Mean Square Fluctuat ion (RMSF), Radius o f 

Gyrat ion, and So lvent  Accessible Surface Area (SASA).  

 

4.6.1 RMSD 

Root  Mean Square Deviat ion (RMSD) is a  measure in mo lecular dynamics in which 

the st ructural distance o f a protein can be depicted over t he who le durat ion o f t ime,  

and it  tells t he average distance between a group of atoms ("RMSD/RMSF Analysis 

|BioChemCoRe 2018", 2022)  RMSD analys is showing Molecular Dynamics  

Simulat ion for 30 ns o f protein 2F1K Dimer and it s monomer respect ively,  with it s  

Time (ns) on the x-axis and RMSD (nm) on y-axis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: RMSD analys is in 2F1K dimer  
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The graph analyzes the Root mean square deviat ion (RMSD) which was calculated 

for backbone atoms for 30 ns in a 2F1K dimer.  The fluctuat ions were observed at  

0.1nm and reached 0.2nm between the t ime intervals o f 0 -5 ns.  

The next  high jump of the fluctuat ions w as observed between the t ime interva ls o f 

5-10 ns at  0.25nm, where the system reached its equilibr ium. Between the interval s  

of 10-20 ns,  the stabilit y o f fluctuat ions was observed at  0.2 nm. After 20ns  a mild 

drop in fluctuat ion was not iced and again a ju mp which fluctuates t ill 30ns at  0.2 

nm.  

                          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: RMSD analys is in 2F1K  monomer  

 

 

The graph analyzes the Root mean square deviat ion (RMSD) which was calculated 

for backbone atoms for 30ns in a 2F1K monomer. In this case,  the init ial fluctuat ion 

can be seen at  0.2 nm and goes up to  0.4n m. The fluctuat ions kept  chang ing and 

dropped again around 0.2 nm at  10 ns.  There was no stabilit y observed in t he 

fluctuat ions.  Between 10-20ns a huge jump in fluctuat ions were observed where the 

system reached its equilibr ium above 0.5 nm.  After 20 ns slight  fluctuat ions were 

seen and it  ended above 0.3 at  30ns.  
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4.6.2 Radius of Gyration  

 

In MD simulat ion, the radius o f gyrat ion of a protein is  calculated to  determine it s  

compactness.  I f the protein st ructure is folded stably,  there are maximum chances 

of an endur ing value for the radius of gyrat ion (Rg).  On the other side,  if a protein 

unfo lds,  the changes can be seen in the value of the Radius o f Gyrat ion (Rg)  

gradually.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Radius o f Gyrat ion analys is in  2F1K dimer  

 

 

The graph analyzes the Radius o f Gyrat ion (Rg) for 30ns in 2F1K dimer.  Here the 

init ia l fluctuat ions were begun just  after 3.54 nm and dur ing the who le simulat ion 

the fluctuat ions can be observed and no stabilit y could be seen.  This suggests that  

the protein is not  fo lded proper ly as it  was not  able to  maint ain its st eady state.  

 



Page | 31  

 

                

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Radius o f Gyrat ion analys is in  2F1K monomer  

 

 

The graph analyzes the Radius of Gyrat ion (Rg ) for 30ns in 2F1K monomer. In t his 

case the init ia l fluctuat ion was begin at  2.25 nm and reached up to  2.35 nm. Aft er  

5ns the fluctuat ions came down and throughout  the who le simulat ion t ill 20 ns the 

fluctuat ions got  stable,  showing some compactness of th e protein.   
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4.6.3 RMSF 

 

Root  Mean square Fluctuat ion (RMSF) is a measure generally used to  check the 

flexibilit y o f individual residues in t he protein.  We can say how an individua l 

residue fluctuates or moves dur ing a simulat ion ("RMSD/RMSF Analysis |  

BioChemCoRe 2018", 2022)  RMSD is except ionally plot ted for residue number vs.  

Rmsf (nm). From plot t ing the graph, it  could be easily depicted which amino acid  

residue in a protein is responsible for the mot ion.  

RMSF analys is showing Molecular Dynamics Simulat ion o f protein 2F1K Dimer and 

it s monomer respect ive ly with it s residues on the x -axis and RMSF (nm) on the y-

axis.  

 

           
                            

                               Figure 12: RMSF analysis in 2F1K  dimer  
 

 

The graph analyses the Root mean square fluctuat ions (RMSF) in 2F1K dimer.  

The fluctuat ions for both the chains (A&B) have shown in para llel.  The only 

difference was the init ial fluctuat ion values on different  residues.  The init ial 

fluctuat ion o f chain A was observed at  just  below 0.3nm and for chain B it  was 

observed at  0.2 nm at  residue no. 1.  At different  residues the fluctuat ions were 

varying. Between the residues 109-140 again both the chains (A & B) had a spike in  

the fluctuat ion, for chain A it  was o bserved at  above 0.4 nm and for chain B it  was 

observed at  above 0.3 nm. After residue no . 140 again it  became stable and remained 
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stable to  the residue no. 169. After residue no. 169 the highest  fluctuat ions were 

observed for both the chains,  for cha in A it  was 0.6 nm and for chain B it  was just  

below the 0.6 nm and remains this way throughout  the simulat ion t ill the end.  

The hinge residues (I le 162; Pro 167 and Thr 166) have not  shown any kind o f higher  

fluctuat ions.  So dur ing the init ial phase the protein was more stabilized rather than 

it s ending phase  

 

 

 

 

                         Figure 13:  RMSF analys is in 2F1K  monomer  

 

 

The graph analyses the Root mean square fluctuat ions (RMSF) in 2F1K  monomer.  

The fluctuat ions were very stable from the beginning t ill the residue s between 181-

193 at  0.1 nm. Aft er that  a huge spike in fluctuat ion were observed at  0.9nm between 

the residues 205-210. And again the fluctuat ions got  a bit  stabilized at  0.3.  The hinge 

residue (pro 167) had the least  fluctuat ion.  
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4.6.4 SASA Plot  

 

Solvent  accessible surface Area (SASA) of protein is considered to study protein 

fo lding and its stabilit y.  Generally,  SASA value o f a  molecule is  character ized as 

the surface area which is accessible by the so lvent  molecule  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14:  SASA analys is in 2F1K dimer  

 

 Solvent  accessible surface area (SASA) fluctuat ions determines the Surface area of 

a bio molecule that  is accessible to  the so lvent .  It is used  to  evaluate enzyme stabilit y.  

Solvent  accessible surface area for 30ns in 2F1K dimer show hydrophobic 

int eract ion that  goes up and comes down dur ing the simulat ion.   
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Figure 15:  SASA analys is in 2F1K monomer  

 

 Solvent  accessible surface area for 30ns in 2F1K  monomer show hydrophobic 

int eract ion that  was reduced dur ing the simulat ion at  the end of t ime  
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CHAPTER 5                                                                DISCUSSIONS  

 
 

 In the present  study the reviewed proteomes of “Sesamum indicum” was selected 

and the analys is o f hinge region was predicted that  was invo lved in domain 

swapping. The study was further proceeded with the ident ificat ion of these reviewed 

cases that  were invo lved in 3D-Domain swapping with the help o f 3Dswap -pred 

server which gave the outcome result s for the posit ive and negat ive cases .  After t he 

predict ion o f swapped reviewed cases,  the homologous sequences and st ructures 

were searched for the “Prephenate dehydrogenase” by using BLASTP against  PDB.  

“Synechocystis  aerogenate dehydrogenase” was selected as it  was showing the 

vis ibilit y o f swapped domain within the chain and the availabilit y o f its dimer and 

monomer st ructures.  After get t ing the st ructures,  the hinge predict ion was done with 

the help o f online server such as HingeProt  and PACKMAN and for the manual  

visualizat ion PyMol was used. The Molecular Dynamics (MD) simulat ion was 

performed and different  analys is were carried out including RMSD where in case o f 

dimer  and monomer, the Dimer was much stable as it  has shown l ess fluctuat ions 

then it s monomer. RMSF analys is have shown that  the hinge residues which were 

invo lved in domain swapping have a least  fluctuat ion. Radius o f gyrat ion analysis  

shown that  the dimer st ructure was unstable dur ing the simulat ion as it  was sho wing 

higher fluctuat ions than monomer and hence monomer st ructure was much more 

compact .  SASA plot  analys is t he hydrophobic int eract ion, when the result s were 

obtained it  was observed that  dimer has higher fluctuat ions again and in case o f 

monomer the fluctuat ions were coming down at  the end o f simulat ion, making it  

more stable.  
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CHAPTER 6                                                              CONCLUSIONS 
 

The present  study analys is the hinge region in the proteome o f S esamum indicum,  

which were invo lved in 3D-Domain swapping and then a compar ison was carr ied out  

in the dimer and monomer st ructure.  From the results it  was concluded that  in case 

of RMSD analys is the monomer has shown the higher fluctuat ions as compared to  

the dimer.  Analys is with the Radius o f gyrat ion in case o f dimer it  was observed that  

it  has not shown the compactness of the protein as the fluctuat ions were higher as  

compared to  the monomer. The hinge residues in RMSF analys is were also observed 

and concluded that  in both the cases the hinge residues have not  shown any 

fluctuat ions and were stable but  throughout  the simulat ion the dimer st ructure has 

shown higher fluctuat ions at  the end of simulat ion as compared to the monomer  

whereas the fluctuat ions in monomer were stable and jump at  some t ime but  again 

became stable.  The SASA plot  analyses the hydrophobic interact ion where the dimer  

has fluctuat ions showing no stabilit y and the monomer fluctuat ions were coming 

down towards the end o f t ime dur ing the simulat ion.  

The current  state of knowledge recommends that  3D -Domain swapp ing occurs under  

suitable condit ions in any protein with a diss ipated terminus.  This study intends to 

provide a framework for comprehending future discover ies of 3D -Domain swapp ing 

as well as an overview of the researched domain-swapped proteins because domains 

cont inue to  be swapped (Liu & Eisenberg, 2002).  
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