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ABSTRACT

Bardet-Biedl Syndrome is a ciliopathic disorder (a genetic disorder ofthe cellular cilia or 

the cilia anchoring structures, the basal bodies) that is characterized by a number ٥٢ 

various disorders most common of these being obesity, mild hypertonia, mental 

retardation, rod-cone dystrophy, postaxial polydactyly, male hypogonadism, complex 

female genitourinary malformations, and renal abnormalities. This syndrome is a 

pleiotropic disorder with variable expressivity and a wide range of clinical variability. 

Trafficking flaws to the ciliary membrane are involved in this syndrome.

Beside the identification of 14 novel genes being held responsible for this syndrome, the 

biochemical mechanisms that lead to Bardet-Biedl syndrome are still unclear.

During the course of this research, protein models involved in the formation of this 

crucial complex have been designed. Different protein models were generated through 

various standard molecular modeling bioinformatics tools. Each obtained model was then 

evaluated through the established in silico methods to obtain the most accurate protein 

model. In the second phase of study interaction pattern of these proteins was figured out 

to explore the possible role ة f  each protein in this complex and their interactions with 

other possible entities. Antigenic sites and interaction pockets have been identified on 

proteins ofthe BBSome complex. Major causes for high interaction profiles of members 

of this com ply were mapped and mutation analysis was also done.



Chapter 1 

Introduction



!.INTRODUCTION

The biochemical basis of life stands on a variety of different compounds and molecules. 

Of these proteins can be surely said to as the building b lock  of the cell and hence of life 

too. Proteins are the biochemical compounds; consist of multiple polypeptide units and a 

proper 3-Dimensional structure for appropriate functioning. The structure of a protein can 

be well understood at different hierarchical levels i.e. Primary, secondary, tertiary and 

quaternary, each corresponds to its specific structural elements. The polypeptide units of 

a protein are held together by a variety of different forces including hydrogen bonding. 

Van Der Waals forces, ionic interactions and various other non covalent interactions.

The advent of recombinant DNA technology has led to many notable advances in 

mapping the amino acid sequence of a protein however when it comes to work out the 

secondary and tertiary structures of a protein, things get quite complicated, intricate and 

time consuming as well.

^^e major w^ys of determining the 3-Dimensional structure of a protein include NMR 

spectroscopy, X-Ray crystallography and to some extent interferometry is also used for 

structure determination. Keeping in view the pros and cons of these predictive methods, 

much stress has been laid on devising computational methods and algorithms to ^nd out 

the secondary structure of a protein. Protein structure prediction is one of the most 

highlighted objectives of modern biology, bioinformatics, biotechnology and some vital 

areas of theoretical chemistry like drug designing. Its applications in the above mentioned 

disciplines are of great significance. 3D protein structures are of immense concern for the 

drug designing in many different types of biological and medical experiments, such as



Figure i . l .  Four levels of protein structure assembly 
{www.iimass.edu/molvis/workshop/protl234.htm)

http://www.iimass.edu/molvis/workshop/protl234.htm


site-directed mutagenesis or discovery of structures of specific inhibitors (Schwede et ٥ /. 

2003). Among all the theoretical approaches known today, comparative modeling is the 

only technique that can generate a model of a protein (target) from its linear amino 

acid sequence ofthe protein in a quite reliable manner (Tramontano et ah 2001).

1.1 Protein-Protein Interactions:

The function of a protein is most commonly defined by the interactions it makes with 

other proteins and ligands, biochemical, biological and biophysical studies ca^ ed  on 

proteins have revealed the important role of interactions between proteins. PPIs are 

operative at almost every level of cellular function, in various biological processes and 

pathways, signal transductions, muscle contractions, genetic expression, to name a few. 

They are critical for normal cell functioning, structural and genetic organization and 

apoptosis. Due to their central role in majority of cellular functions, they have been the 

subject of intensive research for many years. The prediction of viable protein-protein 

interactions and their role i^ elucidation of the cellular processes is still a big challenge 

for biologists today. C om putational techniques for the detection and classification o f  

^nctional pockets on proteins have increasingly become an area of interest for scientists 

today.

This is mainly due to the various newly solved structures that have inadequately 

characterized biochemical functions or molecular interactions related. Faced with a 

speedily mounting number of known protein struc^res, it has become more significant to 

have investigative and analytical tools that identify functional sites.The factors that affect 

the arrangement of protein-protein complexes arc usually explored in four different ways 

of protein-protein complexes. These are homodimeric proteins, enzyme inhibitor



complexes, heterodimeric proteins, and antibody-protein complexes (Jones and Thornton 

1996).

1.2 Methods for 3D structure Prediction of a Protein:

Knowledge of the 3-dimensional organization of a protein is a prerequisite for t^^ 

rational design of site-directed mutations in a protein and can be of great significance for 

the design of drugs. At present three approaches are mostly followed for the predicting 3- 

Dimensional structure ofproteins. These are:

1.2J Threading:

In this method, the amino acid sequence of a protein whose structure is unknown is 

examined and tested for its ability or compatibility to fit into a known 3-D structure. If a 

reasonable extent of compatibility is found with a known structural core, the query 

protein is predicted to fold into a parallel 3-D configuration. Sequences with identity less 

than or equal to 30% are mostly subject to this method of structure determination. These 

methods are undergoing a significant degree of progress at the present time.

1.2.2 Ab initio structure prediction:

This approach takes into account the energy values of the protein in question. Basically it 

involves modeling all the energetic involved in the process of protein folding. The 2إمآأ 

step involves selection of the structure with the lowest free energy. However for larger 

proteins, this technique may become computationally moTQ expensive.

1.2.3 Homology Modeling (HM):

Homology n^odeli^g (comparative modeling) is an efficient technique for predicting 

tertiary structure of a protein, provided tlicre exist homologous proteins whose 3-



Dimensional stnictural confonnations are known. This approach is widely becoming the 

method 0^ preference obtaining 3-D coordinates of proteins. The method works for 

proteins with 25% or gi*eater similarity with sequences of k^own 3-D structure (Blundell 

et aL■ 1987). Basically it involves a number of different steps, and each step relies 

strongly on the results/ outcomes of the previous step. Therefore, errors may be 

unintentionally introduced and propagated. ]Pomology Modeling is a relatively easy 

technique, as compared to other t^^o. It does not require expensive experimental facilities. 

It is entirely a computational process, much easier to implement than the experimental 

procedures.

Steps involved in HM:

Major steps involved in the process are as under:

1.2.3.1 Template Selection:

The ^،rst and the most critical steps of the process is selection of a suitable template. 

Template identification can be done b^ running a search query of the leading sequence 

and structure databases available. The notable such databases are: Protein Data Bank 

(PDB), Structural Classification of Proteins (SCOP) (Lo Conte et aL 2002), Distance- 

matrix ^ l i ^ e n t  Comparative Protein St!^ct^re Modeling 837 (DALI) (!^olm and 

Sander 1999) and Class, Architecture, Topology and Homology (CATH) (Orengo et aL 

200^)

Template selection for the query protein can also be categorized into three steps on the 

basis of sequence alignment approach used. Simplest one being the serial pairwise 

sequence alignments and it can be aided by sequence search protocols and algorithms like 

FASTA and BLAST (Altschul et aL 1990; Pearson 1990). The process of template



selection greatly depends on the percentage identity between the sequences of interest. 

2 5 -3 0 0  and greater are required for n^ost ofthe sequence alignment programs, ^imilari^y ام

less than this threshold can end up with the use of advance techniques like threading.
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1.2.3.2 Target-Template Alignment:

The next step after the template selection process is to aUgn the target and template 

sequences. Many techniques are present nowadays for aligning sequences, and 

soinclimcs the most puzzling (ask is deciding which methods to apply to generate an 

optima! alignment between both sequences. This step is subject to slip-ups and can 

lead to a faulty model. The (true) alignment signifies the process of evolution giving 

rise to the diverse sequences starting ^om the common ancestor sequence and then 

shifting through mutations (insertions, deletions, and substitutions).

1.2.3.3 Model Building:

a) Modeling by assembly of rigid bodies

This approach uses the information of ample number of small rigid bodies that 

were previously obtained through alignment of proteins (Blundell et al. 1987; 

Browne مء a/. 1969).

b) Modeling by segment matching ©٢ coordinate reconstruction:

As the name indicates, modeling by segment matching involves the identification 

of guiding positions ft*om the template s^ctu re . These position mostly comp!^se 

of the Ca which are conserved in the alignment of template and target proteins. 

This technique can be employed to model both the side and main chain o fa  query 

protein

c) Modeling by satisfaction of spatial restraints:

Modeling b^ spatial restraints involves many restraints of the template selected 

and these are mostly angles and distances between aligned residues of template 

and target sequence. Modeling is done by minimizing the violations associated



\vith these restraints. The very same technique is impHed MODELLER to 

obtain models of proteins and it came out to he a promising one of all the 

comparative modeling techniques,

d) Loop modeling:

Loo^^ often participate in defining the functional specificity of a given protein 

scaffolds, as they play a m هزه٢  role in deciding th^ binding sites on a protein. 

Loop modeling emerges out to be an efficient comparative modeling technique as 

its usefulness is marked by its role in protein-protein interactions, identification of 

protein binding sites and in docking studies (Marti-Renom ei aL 2000).

1.2.3.4 Model Evaluation:

The evaluation phase is a mandatory phase in the course of a comparative modeling 

project. It is in fact a review checkpoint for the project. Most importantly, the 

evaluation phase involves for the possible errors in the fold of the newly designed 

protein structure. Accurate and precise 3D modeling requires both a correct fold 

assignment and a roughly correct target-template ahgn^^ent ($anche^ and Sali 1998). 

As this project includes the modeling of various proteins of the BBSome complex, so 

the evaluation phase involves checking for the possible errors in the newly designed 

models, t^eir energy values as well as the favored and non-favored regions within the 

structure.

The evaluation phase involves reviewing all the save points in the course of a project. 

'I’hc major save points in Ihe mode! evaluation arc:

• Sequence alignment

• Z-Score evaluation



٠ Rainachandran plot evaluation 

Tools used for testing the 3-D model of protein structures are PROSA (Sippll993) 

and VERIFY3D (Luthy et ٠ /. 1992). These programs evaluate the contribution and 

behavior of each residue in a model with respect to the expected one as found in the 

high-resolution X-ray structures.

1.3 Bardet-Biedl Syndrome:

Bardet-Biedl Syndrome is a genetically and clinically heterogeneous disorder caused by 

mutations in almost 14 different proteins that have been identified so far. !t is a human 

genetic disorder which is mostly characterized by obesity, polyadyctaly, mild hypertonia, 

rod-cone dystrophy, com.plex female genitourinary malformations, male hypogonadism, 

nephropathy and retinal degeneration, ^imb abnormalities present in the case of Bardet- 

Biedl Syndrome are majorly those of fingers. Bardet-Biedl s^d ro m e  is also categorized 

as a developmental and ciliopathic disorder (a genetic disorder of the cellular cilia or the 

cilia anchoring structures, the basal bodies). The prevalence ofthis disease is quite low in 

general population (1/100,000 live births) as compared to various other genetic 

anomalies. However ؛he reported pervasiveness is quite higher in some isolated regions 

of the world like Kuwait and Newfoundland. This syndrome is considerable genetic 

reason of chronic and end-stage renal collapse in children (Tobin and Beales 2007).

The diagnosis ofthis disorder in most of the cases reported so far is initiated as the v{$ion 

begins to degrade.-'Beside all thi^, the biochemical basis of the syndrome is still unclear. 

The symptoms of this disorder and their associated percent prevalence can be 

summarized in table 1.1.



1.3.1 Genes Involved:

The biochemical mechanisms that lead to Bardct-Biedl syndrome are still unclear 

however fourteen genes responsible for BBS have been identified so far. The products of 

these genes are called BBS proteins, and multiple evidences have indicated that they are 

located in basal body and cilia ofthe cell. Many studies have suggested an important role 

for BBS proteins in ciliary dysfunction as well as their association with intraflagellar 

transport (IFT) (Ansley et al. 2003). The most significant function of these proteins 

regarding is that they are an active participant ofthe process of stabilization of ^ T  

proteins. This process mainly comprises of stabilizing the association between two motor 

proteins of the IFT mecha^sm, OSMotic avoidance abnormal 3 (OSM-3) and kinesin 

(Ou et al. 2005). The other vital biological system affected by these BBS proteins is the 

melanosome transport system.

Recent studies have shown that the proteins involved in BBS are assembled into a 

complex organization called “BBSome”. This complex is known to have been 

responsible for the transport of intracellular vesicles to the base of cilia.

The active partakers ofBBSome co’mplex are:

BBSl, BBS2, ARL6/BBS3, BBS^, BBSS, MKKS/BBS6, BBS?, TTC8/BBS8, B1/BBS9, 

BBSIO, TRIM32/BBS11, BBS12, MKS1/BBS13, and CEP290/BBS14 

The contribution of each of these 14 genes to Ihc total reported cases of Bardet-Biedl 

Syndrome is represented in the form of a pie-chart by Katsanis 2004 (figure 1.3.).

Beside these 14 subunits involved in this syndrome, there are some other contributing 

factors that add to the complexity ofthe s^drom e. Of these important are the ARP hke 

^T?ase, E3 Ubiquitin Ligase and some t^pe !ل chapheronins. The molecular basis ofthe



syndrome remains indennable and quite elusive. Wliile the underlying pathology of ail 

the symptoms of the Bardet-Biedl syndrome remains confusing and enigmatic, animal 

models designed for investigating the root causes have pointed towards the role of ciliary 

dysfunction involved. A tabular representation of the inner details of the genes involved 

in the formation ofBBSome complex is given in table 1.2.

Table 1.1. Prevalence summary of Bardet-Biedl Syndrome (Beales et a l  1999)

Features Percent Prevalence

Prim ary Features

Rod-cone dystrophy 93ام0

Post-axial polydactyly 69ام0

Obesity 72ام0

hypogonadism %ةو
^enal malfunctions .24م/م

Secondary Features

^earni^g Difficulties 62ام0

Developmental delay 50ام0

Specch abnormalities 54"ا0

Diabetes Mellitus

Hearing Loss 21م/م
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Figure 1.3. Contribution of related BBS gene to t^e total reported cases

(Katsanis 2004)



1.3.2 BBSome Complex:

BBSome complex a protein assemblage that is known to have its function in membrane 

trafficking to and inside the primary cilium. ^ i s  complex basically encompasses seven 

proteins of all BBSome proteins known so far. Tnese seven are BBSl, BBS2, BB$^, 

BBS5, BBS7, BBSS and BBS9 (Table 1.2). The presence of a novel protein BBIPIO also 

known as BBS 10 is also reported recently. The apparent molecular mass of the complex 

came out to be 438 k^, and its sedimentation coefficient is 14S. The BBSome subunits 

are highly conserved and are largely distributed among those organisms which possess 

cilia, thus signifying that the functionality of the BBSome Complex has also been 

conserved. Non ciliated organisms like fungi, plants and amoebas lack this complex 

assembly of proteins.

Experiments have revealed that the BBSome complex is mainly localized to the primary 

cilium of the cell. ه آ  the 7 subunits of t^e complex, three are localized primarily to the 

cilium whereas while the remaining members of the complex have shown their part in the 

intraflagellar transport system of the cell. The BBSome complex collaborates with the 

GTPase Rab8 to promote the ciliogenesis of the cell (Nachury et al. 2007). As it is 

evident from the structural details of the cilia, cilia lack ^bosomes and thus they lack the 

sufficient machinery to transport all the necessary proteins required for their assembly 

and construction. These vital proteins need to be imported first for the cilia to perform 

properly  (Blacque and Lcroux 2006). So the BBS proteins basically  work as adaptors lo 

help loading o f  these cargo proteins at the proximal cytoplasmic end to be carried  to the 

distal tip (Blacque et al. 2004), The participants of BBSome complex are also thought to 

have a vital role in shuttling the proteins back to cytoplasm for recycling. Mutations in



these ^c^c$ result ؛٨  loss of function of the proteins and hence destroy the whole 

mechanism oftransport and disruption ofthe EFT machinery (Tobin and Beales 2007). 

Tne interaction pattern of this strange complex of proteins is still unclear that how out of 

14 laiown proteins, only a specific set of protein clumps together? The types of 

interactions between the components o fthe complex are elusive enough to uncover the 

inner details and causative mechanisms of the Bardet-Biedl Syndrome. Moreover their 

functionality in the proper assembly of p^mary cilia and intraflagellar transport also 

needs to be elaborated further. The details of the enzymatic activity of the member 

proteins of BBSomc comple،^ is also an enigma so far.



Table 1.2, Overview of the Structure and Function of Known Genes of the BBSonie
Sr.No. Gene MliM

^ 0 .

Chromosome ^ 0 . of

Exons

Function

١- 209901 U ql3 17 exons Interaction with RABINS, ciliary membrane 

growth

Fetal ti; 

adipose

606151 16q21 17 exons Encodes a protein of unknown tlmction Brain, k 

thyroid

3. BBS4 600374 15q22.3،q23 16 exons Associated with insulin resistance, functions 

as an adaptor ofthe pl50 (glued) subunit of 

the d ^ e in  transpo^ machine.

Cellular 

with me

4. 603650 2q31 12 exons Necessary for the generation o f both cilia 

and flagella

Ciliated

5. BBS7 607590 4q27 19 exons Involved in eye, limb, cardiac and 

reproductive system development

Almost

tissues

608132 14q32.1 14 exons Involved in the formation o f cilia. Testis,

pancrea

٦. BBSIO 610148 l^q^l.2 2 exons May affect the folding or stability of other 

ciliary or basal body proteins. Assists the 

folding ofproteins upon ATP hydrolysis

Adipog؛

Mapping the Interactomics ofBBSome Complex: the Driving Motor ofthe Cell
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MATERIALS & METHODS

2.1 Simiiarity Search;

Similarity search has become a stronghold of Bioinformatics domain. Similarity search 

has been effective in determining the function of those genes whose sequence has been 

resolved in silico. In this basic technique, the query sequence is compared against every 

sequence in the database and those appearing similar to it are identified (Figure ^.1),

2.1.1 BLAST;

Basic Local Alignment Search Tool is the most employed algorithm for similarity 

search of a sequence against a huge number of database sequences, t̂ is an 

algorithm for comparing the primary info^ation present in a sequence whether it 

is that of a protein or ofDNA. The algorithm follows a heuristic based strategy to 

find out the a lim e n ts . HSPs or high scoring segment pairs present in an 

alignment !s the basic idea behind BLAST. The algorithm basically searches for 

the regions of high scoring alignments between both the query and the database 

sequence (Altschul et al. 1990).

Various alterations in the basic algorithm have led to the formation of multiple 

BLAST programs like Psi blast, blastp, w u  blast, blasts, tbla^tn etc.

2.1.2 FASTA;

FASTA is an algorithm for aligning the DNA sequences and those of proteins. 

FASTA algorithm basically looks for similar regions of comparatively shorter
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Figure 2.1. Database searching for similar sequences



length in the ^ ٠ sequences and after that ؛t tries extend those regions of similarity 

on both sides. FASTA provides a speedy way to locate short stretches of similar 

sequence between a n€w sequence and any sequence in a database. The word or k- 

tuple method is being used by this program. It is al^o a heuristic based method and 

usually provides a reliable alignment. Due to the capability of the algorithm to find 

matching sequences in a sequence database with high speed, FASTA is useful for 

regular database searches (Pearson and ^ipman 1988).

2.2 Post Translational Modifications:

Proteins after being translated undergo a variety of different chemical alterations before 

being transported to their destination. These changes in the protein structure ^re broadly 

te ^ e d  as post translational modifications. These modifications are ^ a t l y  responsible 

for rendering the newly formed protein as a functional one. Some of the crucial post 

translational modifications are glycosylation, alkylation, acetylation, phosphorylation, 

sulfation and C-terminus amidation etc.

2.2.1 SIGNALP:

SIGNALP is a server to identify the location and presence of potential cleavage sites 

in a protein structure. It produces both classification and cleavage site assignment, 

^ovel amino acid composition units and sequence position units have been 

incorporated in the neural network layer of this server to improve the performance. 

The input to the SIGNALP server is sequence in FASTA format. The server provides 

a number of different parameters to fo!^ulat€ t^e query in order to obtain the 

required output (Bendtsen et aL 2004)



23  Topology Prediction:

Topology is usually defined as those features of a structure which remain unchanged 

even if the structure is distorted, in the world of proteins, topology defines an important 

focal point between the amino-acid sequence and the entirely folded three-dimensional 

structure.

2.3.1 TMPRED:

The TMpred program is basically used for predicting membrane-scanning 

sections and their orientation. The algorithm used for this purpose is based on the 

statistical analysis ofTMbase. The input to the server is the amino acid sequence 

of the protein. The prediction is made using a amalgamation of numerous weight- 

matrices for scoring (Hofinann and Stoffel 1993).

PROTEIN STRUCTURE:

Proteins are the macromolecules consisting of a single or multiple polypeptides that fold 

into specific confo^ation^ to achieve the biochemical functionality associated with 

them. The proteins are well explained and understood with reference to their stuc^ re . 

I'he structure of a protein is mainly categorized as primary, secondary, tertiary and 

quaternary structures.

2,4 Primary structure:

The p^mary structure of a protein is simply linear sequence of the amino acid 

constituting that protein. Each protein has its specific amino acid sequence that is in most 

cases defined by the nucleotide sequence of the encoding gene.
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2.4.1

ProtParam is a tool for analyzing the primary structure of a protein. The too! is 

provided ^y Expasy Proteomics Server. It computes various physio-chemical 

properties of a protein including its molecular v/eight, the amino acid make up of 

the protein in question, atomic composition and estimated half life of the protein. 

'I'he input to ProtParam can be the amino acid sequence of the query protein or ؛t 

can be specified by the Swiss-Prot/TrEMBL accession number (Gasteiger et ٠/. 

2005).

2.5 Secondary Structure:

When local ordering is introduced into the primary structure of a protein, mainly through 

hydrogen bonding, the structure is then referred to as the secondary structure of a protein. 

The most frequent secondary structure elements found in proteins are the alpha helices 

and the beta sheets (sometime also called p-pleated sheet). The secondary structure of a 

protein provides useful insight into its functional behavior. Thus predicting the structure 

of protein holds an important position in the various techniques of computational biology.

2.5.1 PREDICT PROTEIN:

Predict Protein is an automatic source/service for analyzing protein sequence and 

for the prediction of the protein’s structure as well as its function. It integrates the 

feature prediction for secondary structure elements, transmembrane helices, • 

disordered regions, domain boundaries, sub cellular localization, disulfide bonds 

and ^rotein-protein and p ro te in O A  binding sites. The input to Predict protein is 

the amino acid sequence of the protein and the output m^y contain a variety of 

different features of the protein including MSA, sequence motifs, low complexity



regions, domains present in the protein, !t also ^^es a complete insight into the 

protein’s secondary structure elements, transmembrane helices, intra residue 

contacts, beta barrels and cysteine predictions etc. the evaluation of the prediction 

accuracy can be obtained upon sending a request to th^ server (Rost et al. 2004).

2.5.2 SCRATCH PROTEENf PREDICTOR:

Scratch Protein Predictor is an online service for predicting the secondary 

structure elements of a protein, provided the primary sequence, ^ e  $p? suite 

includes multiple options for predicting the structural details of a protein, the most 

important of them being residue contacts, extent of antigenicity, disulfide bonds, 

and domain predictions، The performance constraints of SPP can be best judged 

by \hc fncf اh  it more cfTcctivc in those cases when wc have targets without }؛ا

high levels ofhomology to any ofthe known structures (Cheng et al. 2005).

2.6 Tertiary structure:

The ultimate folding of the protein chains and the secondary structure elements (alpha 

helices and beta pleated sheets) result in tertiary conformation of a protein. Disulfide 

bonds, hydrogen bonding, salt bridges and the non-polar hydrophobic interactions 

contribute to the stability o fth e  tertiary structure. The most important characteristic of 

(crliary conformation of a protein structure ؛s llmt ،٦١١ the polar residues/groups are on the 

surface while the non-polar ones are buried inside.

2.6.1 MODELLER:

Designing tertiary conformation of protein through MODELLER is a multi step 

process which involves identification of suitable templates through hits returned 

by Psi-BLAST. After the selection of template, alignment is performed between



the target and template and after the alignment MODELLER is then used t© 

design tertiary structures of each query protein. Out of many models designed by 

the MODELLER, best one is selected for ^ h e r  use on the basis of lowest value 

for the Modeller Objective Function (Sali and Blundell 1993).

2.6.2 SWISS MODEL:

Swiss Model is a fully automated protein homology modehng server that 

facilitates the user by providing multiple options varying from the most basic 

tasks of sequence alignment to the highly complex tasks of designing a complete 

model of a protein. The server also assists the user in building protein models at 

different levels of in^cacy (Kiefer et ٠ /. 2009; Schwede ei aL 2003).

2.6.3 ESYPRED3D:

ESyPred3D is also an automated homology modeling p ro ^ m . ESyPred3D gets 

benefits of increased alignment performance whicl^ is based on neural networks. It 

normalizes the alignment score by combining the alignment results of va^ous 

programs. After that MODELLER is used to design the final model of the protein 

in question, o^ce it gets a model designed, the model is then assessed using 

PROCHECK package (Lambert et a l 2002).

2.6.4 MODBASE;

MODBASF. [s a relational database llial contains annotated comparative protein 

structure models for all the proteins available, ^ e  models are derived by 

ModPipe, which i  ̂a programmed modeling pipeline relying on the packages PSI- 

BLAST and MODELLER. The database also includes fold assignments and



alignments the newly built models ^^e based on them. MODBASE contains 

theoretically calculated models, which ma^ contain significant errors, not 

experimentally determined structures, ^ e  database also contains necessary 

I information about ligand binding sites in a protein. It also provides an overview of 

protein-protein interactions (Pieper et ٠ /. 2006).

2.7 Evaluation:

The evaluation phase is a mandatory phase in almost all projects. It is in fact a review 

checkpoint for the project. As this project includes the modeling of various proteins of 

the BBSome complex, so the evaluation phase involves checking for the possible errors 

؛٨  Ihu newly designed models, Ihcir energy values as well as (he {avoreci and non-favored 

regions within the structure. م

2.7.1 PROSA:

The major problem in structural biology is to pick out "the errors and slip-ups in 

the models of protein especially those designed through homology modeling. 

?ro^A is a web based^protein evaluation tool that helps to evaluate the protein by 

calculating the ^-score of the protein, plotting the scores of the residues and their 

energies as well• It is mostly used in the re^nement and vahdation of 

experimental protein models (Wiederstein and Sippl 200?).

?lo^ of residue scores:

ProSA provides the user with a plot depicting the energies ofthe protein structure 

with detailed info^ation  about each and ever^ residue. High negative values in a 

plot correspond to favored regions ofthe input structure and vice versa.



1.12 RAMACKAIN’DRAN PLOT 2,0:

Tlie Ramachandran plot shows the phi-psi torsion angles for all residues in a 

protein structure. It depicts the.likely conformations of the (p and ٧  angles for a 

protein ensemble. 1’hc server which I have used 0ا  Hguro the Raniychandran piols 

of the newly modeled protein structures is Ramachandran plot 2.0. It is a web 

based server that has an assortment of improved options for displaying the torsion 

angles in various regions. It is a program for visualizing and assessing the 

Ramachandran plot of a protein structure. It provides a complete ove^iew of the 

composition of the protein. The input to the server is the PDB file and the output 

contains detail of residues in the favored regions, allowed regions and outlier 

regions (Gopalakrishnan et ٠ /. 2007).

2.8 Hydrophobicity Plots:

Hydrophobicity Plots are mostly used in analyzing the membrane spanning regions which 

are highly hydrophobic and potential antigenic sites on a protein that are likely to be 

exposed. The algorithm used in this case is Hopp & Woods hydrophobicity scale which 

was developed to pick out the antigenic sites of proteins through the polarity and charge 

of residues present in a protein (Hoop and Woods 1981).

2.9 Protein Interactions:

Protein interaction studies enjoy an imperative position among protein structural and 

conformational studies. Protein interactions are considered to be a hub of information for 

the investigation of participation of proteins in various biological pathways. Moreover, 

protein-protein interactions are also important in mapping the drug interactions, disease 

studies and various other biochemical processes.



2.9.1 STRING:

STRING is a database of protein interactions which include both the known as 

well as the predicted interactions. The interactions mapped out by this database 

rely mostly on the experimental data available, co-expression of proteins and 

genomic context. The input to the database can either be the amino acid sequence 

of the protein in question or just the name of the gene/ protein. It then prompts the 

user about the source of the protein (organism details). The final output is in the 

form of a connected graph of the query protein to various other known proteins 

and ligands. The final output can be restricted according to user’s choice by 

checking the display variables (Jensen €t al. 2009).

2.9.2 GRAMM-X:

The Globa] Range Molecular Matching (GRAMM) methodology is an 

experimental approach to smoothing the energy function (intermolecular) by 

varying the range of the atom-atom potentials. To predict the structure of a 

complex, it needs only the atomic coordinates of the two molecules. No 

information about the binding sites is needed. The s o ^ r e  then performs an 

exhaustive 6 dimensional search for relative positions and rotations of molecules. 

An important aspect of GRAMM software is its ability to smooth the protein 

surface representation to relate possible conformational changes upon binding 

within the rigid body docking technique (Tovchigrechko and Vasker 2006).

2.9.3 PYMOL:

?yMG^ is protein visualisation software as well as a molecular modeling 

program .to facilitate the understanding of the compositional details of a protein



(DeLano 2002). It can also be used to visualize t^e interactions between docked 

complexes of proteins, ^truc^r^ comparison can also be done by using this 

biological toolkit. With the help of PyMOL, surfaces and electrostatic potentials, 

polar interactions between residues of one molecule or between multiple 

molecules can also be found out. The pseudo code used for finding hydrogen 

bonds between the docked complexes is given below:

» zoom center  ̂50 

» select ChA, chain A 

» select ChB, chain B 

» dist name, ChAy ChBy mode=2

Hex is 3أل interactive molecular visualization tool that can be used to display a  ̂

well as calculate feasible modes of docking between two molecules. SPF 

(Spherical ?olar Fourier) correlations and F ^ s  (Fast Fourier Transform) are 

employed by this software package to calculate the docking correlations.

2.10 Objectives and Aims of study:

The current study is designed to determine the 3D structure of proteins involved in 

BBSome complex as none of them are already available, ^^oreover the interac^ons of the 

9 BBSomc genes and proteins w[!l be investigated and the bel^avlor of interacting 

proteins with respect to secondary and tertiary structure distortion will also be an 

important consideration of this project.
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3. RESULTS

3.1 Similarity Search:

3,1.1 BLAST:

BLAST is the most commonly employed algorithm for similarity search. It follows a 

heuristic based approach to find out alignments for unknown proteins against a huge 

number of database sequences. BLAST results for known BBS proteins are as under:

Gene
Name

.Acc. No ا Max
Score

E-
value

B ^S!

2BTZ_A

Chain A, ^ s t a ]  Structures OfHuman 

Pyruvate Dehydrogenase Kinase 2 Containing 

Physiological And Synthetic Ligands

30.8 1.6

2ZKJ_A

Chain A, Crystal Structure OfMuman Pdk4- 

Adp Complex

30.8

‘

BBS^ 1C8B_A

Chain A, Crystal Structure Of A Novel 

Germination Protease From Spores Of 

Bacillus Megaterium: Structural 

Rearrangements And Zymogen Activation

33.1 0.45

1V7V_A
Chain A, Crystal Structure OfVibrio 

Proteolyticus Chitobiose Phosphorylase

30.4

2F07_A

Chain A, Crystal Struc^re Of An 8 Repeat 

Consensus Tpr Superhelix (^!igonal Crystal 

Form)
*

80.1 2e-I5

3KD7_A

Chain A, Designed ^pr Module (Ctpr^^^) In 

Complex With Its Peptide- Ligand (Hsp90 

Peptide)

70.ا 2e-12

،خ



إ م م س م'

V
2WGQ_A

Chain A, Zinc Substituted E Coli Copper 

Amine Oxidase, A Model For The Precursor 

For2,4,5-Trihydroxyphenylalaninequinone 

Formation

30
١ ٦

10AC_A
Chain A, Crystal Structure O fA  

Quinoenzyme: Copper Amine Oxidase Of 

Escherichia Coli At 2 Angstroems Resolution

1.7

B B S 7

3L3P_A
Chain A, Crystal Structure OfThe C- 

Terminal Domain Of Shigella Type !ii 

Effector Ipah9.8, With A Novel Domain 

Swap

30.8 2.2

Chain A, Crystal Structure O f^east Fatty 

Acid Synthase With Stalled Acyl Carrier 

Protein At 3.1 Angstrom Resolution

30 4.0

r 2F07_A
Chain A, Crystal Strآ ءا ture Of An 8 Repeat 

Consensus Tpr ^uperheli^ (Trigonal Crystal 

Form)

57.8 Ie-08

1W3B_A

Chain A, The Superhelical Tpr Domain Of 0 - 

Linked Glcnac Transferase Reveals Structural 

Similarities To !m^ortin Alpha

56.6 2e-08

BBSIO

3IYG_E
Chain E, Ca Model OfBovine TricCCT 

D E ^ l^ D  FROM A 4.0 ANGSTROM Cryo- 

Em Map

60.1 أ 3e-09

1Q3R_A

Chain A, Crystal Structure Of T^e 

Chaperonin From Thennococcus Strain Ks-1 

(Nucleotide-Free Form Of Single Mutant

59.7 5e-09



3.2 Post Transiational Modifications:

3.3,1 SignalP:

Signal? is a web based service to pick out the post translational modifications of a 

protein. It gives a prediction signal peptide cleavage sites i^ a query protein. Currently 

SignalP works in form of two basic modules. Neural Network and Hidden Markov 

Model, ^ e  output of the module is in the form of C-Score, S-Score and Y-Score 

while the output of other module is in the fo^n of posterior probabilities for the cleavage 

site and signal peptides at each position.

SignalP outputs for various proteins of the BBSome complex are ^ven in table 3.2 while 

N ^  plots for these proteins can be found in figure 3.1 to figure 3.7.
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Table 3.2. SignalP outputs for known proteins of BBS
Gene إ

Name

Measure Position Value €utoff Signal

Peptide?

Max. c 22 0.32 No

Max. Y 45 0.027 0.33 No

BBSl Max. s ا 0.091 0.87 No

mean s م4 1ب 0.024 0.48 No

D 1-44 0.025 0.43 No

€ .Max ا 23 م ' م و ة 0.32 No

M ax.Y 23 0.143 0.33 No

BBS2 Max. s 12 .م0 ? ل 0.87 No

m^an s 1-22 0.48 No ا

D 1-22 0.216 0.43 No

Max. c 19 0.199 0.32 No

Max. Y 3 0.035 0.33 No

Max. s I 0.174 0.87 No

s
م - ل وق 0.48 No

D
ع'ل

0.097 0.43 No

r Max، c 20 0.065 0.32 No

Max, Y 20 0.033 0.33 No

$ .Max إ 4 0.099 0.87 No

meanS 1-19 0.047 0.48 No



- ٢ ٥ 1-19 0.040 0,43 ه

Max c ا 18 0.32 ذ

Max. Y 18 0.073 0.33 No

M ^ . s
و ةل-م ة

0.87 No

ا mean s 1-1? O.C-66 0.48 No

D 1-17 0.070 0.43 No

. .  . € .Max ا 24
قم-م و

0.32 No

Max. Y 24 0.120 0.33 No

Max. s 14 0.403 0.87 No

mean s 1-23 0.254 0.48 No

D 1-23 0.187 0.43 No

Max. c 24 0.32 No

M ax.Y 24 0م1ة7 0.33 No

BBSIO Max. s 12 .م $ ص 0.87 No

mean s 1-23 0.410 0.48 No

D 1-23 0.289 0.43 No



Visual plots for all these knov/n proteins of the BBSome complex are given below;
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3.3 Topoiogy Prediction:

Topology prediction in this project is done through TMpred.

3.3.1 TMPRED:

TMpred results of various genes of the BBSome complex are as under: 

BBSl:

Table 3.3. Transmernbrane models O^BB ;̂
STRONGLY 

Preferred Model: 

N-terrainus outside

From To Length Score Orientation

507 531 (2ق) 10^5 o-i

Total Score 1085

Alternative Model 509 530 (22) 550

Total Score 550 ا
»ns2 :

Table 3.4. Transmembrane models of BBS2
STRONGLY 

Preferred Model:

From To Length Seore Orientation

N-terininus inside 68 89 (22) 705 i-o

123 147 (25) 843 0؛-

Total Score 1548

Alternative Model 1̂ 3 147 (25) 843 o-i

I ’otal Score 843



Probably no transmembrane protein - no possible model found.

Table 3.5. Transmembrane models of BBSS
1 STRONGLY 

1 Preferred Model: 

N-terminus outside

From To Length Score Orientation

57 77 (21) 694 o-i

Total Score ا ء و "
Alternative Model 50 73 (24) و أ

i-o

Total Seore

BBS7:

Table 3.6. Transmembrane models of BBS7
STROiNGLY 

Preferred Model: 

N-<crnn'niis inside

From To Length Score Orientation

113 132 (20) ؟17 i-o

Total Score 517

Alternative Mode! No strong transmembrane helices predicted



T؟ r a n s m e m b r a n e  m o d e l s  o f  B B S 3م7م T a b l e ؛

pTRONGLY  

P r e f e r r e d  M o d e l :  

N ا - t e r m i n u s  i n s i d e

F r o m T o L e n g t h S c o r e O r i e n t a t i o n

402 (25) i - o

T o t a l  S c o r e 782

A l t e r n a t i v e  M o d e l t r a n s m e m b r a n e  h e l i c e s  p r e d i c t e d

BBSIO:

T a b l e  3.8. T r a n s m e m b r a n e  m o d e l s  o f  B B S ] to
S T R O N G L Y  

P r e f e r r e d  M o d e l :  

N - t e r m i n i J s  o u t s i d e

F r o m T o L e n g t h S c o r e O r i e n t a t i o n

384 403 ( 2 0 ) 1039 o - i

وأء 611 ( 2 3 ) 552 -؛0

647 (22) 915 o - i

T o t a l  S c o r e 2506

A l t e r n a t i v e  M o d e l 401 ( 2 0 ) 1368 -إ0

615 ( 2 7 ) 1103 o - i

T o t a l  S c o r e 2471 ا



3.4 Primary Structure:

3.4.1 ProtFaram:

ProtParam computes various physio-chemical properties of a protein including its 

molecular weight, the amino acid make up of the protein in question, atomic composition 

and estimated half life of the protein.

Tabic 3.9. ProtParam rcsiilts ٢٠٢ the known ^rot^{n$ of BBSome Complex

Name 
Of Gene

Arrino
Acids

Molecylar
Wejght

Theoretical
PI

Formula
Instability

Index

BBSl
593 65083.4 8.02 C29I lH46SgN7940846S23 46,18

BSS2
721 79870.6 5.74 C3520H5580N9S8O1079S27 30-07

BBS4 519 588281.9 6.90 C2625H4125N6890 76،)S20 47.07

BBSS
341 38755.0 5.39 C1728H2721N469O523S10 49.61

BBS7
715 80337.7 5.70 09oS25؛C3583H5682N9520 37.23

541 61534.2 6.33 C2750H4272N752O804S25 39.03

BBSiG 723 80837.5 7.95 C359SH5740N966O1060S42 38.98



3.5 Secondary Structure:

3.5.1 PREDICT PROTEIN:

The Predict Protein Server helps analyzing the in depth study of the secondary structure 

of a protein on the basis of primary structure (raw sequence) provided.

Table 3.10. Results obtained for Known BBS proteins through Predict Protein

GENE

NAME
SECONDARY STRUCTURE (PREDICTED)

SEQUENCE LENGTH 593

Secondary structure Helix=17.37%,

Strand=36.76%, L’oop=45.87%

window size 70

BBSl
Structure content cutoff 12%

Residues exposed
-

47.72

Confidence of disulfide bonding 

state prediction

7 ,8,9(High) ا

NORS region predicted None

Low Complexity Regions Present

SEQUENCELENGTH 7^1

Secondary structure Helix=23.99%,

Strand=35.64%, Loop=40.36%

window size 70





Confidence of disulfide bonding 

state prediction

8 (High)

NORS region predicted None 1

-
Low Complexity Regions ^b^ent ا

ISEQUENCELENGTH 715

Secondary structure ر ,22.8%, Strand=s40.56%؛s؛Helix

Loop=36.64%

window size 70

Structure content cuto^ 12%

BBS7 Residues exposed 47.13

Confidence of disulfide bonding 

state prediction

8, 9 (High)

NORS region predicted None

Low Complexity Regions ?̂ ê en̂

SEQUENCE LENGTH 541

Secondary structure Helix=68.0%, Strand=0.0%,

Loop=32.0%

window size 70

Structure content cutoff 12%

Residues exposed 52.68 ا

Predicted disulfide bonding state No disulfide bonds 1



Confidence of disulfide bonding 

state prediction

8, 9 (High)

NORS region predicted 59-134

Low Complexity Regions Present

٢ ■ SEQUENCELENGTH 723

ا

Secondary structure Helix=49.8%, Strand=11.2%, 

Loop=39.0%

window si^e 70

BBSIO Structure content cutoff 12%

Residues exposed إ 49.65

Predicted disulfide bonding state ا No disulfide bonds

N^RS region predicted None

Confidence of disulfide bonding 

state prediction

9 (High)

Low Complexity Redons ?resent

vT/jM n ln r tiJ ’tln' ( ‘t ' /z ا؛بمم' tm: /ار /ا/ tp U w' ؛ ‘ttu ' h ilc rtu  itunic.s tif 'liltS 'o iiu



3 2 ء5م  Sc r a t c h  P ro te in  P red ic to r:

Scratch Protein Predictor gives the information for secondary structure, single mutation 

stability, disordered regions, domains, relative solvent accessibility, disulfide bridges and 

details o f  residue contacts for the protein. The follow ing table shows the secondary 

structure predictions for proteins in the B B Som e com plex.

T ab le  3,11. S econ d ary structure elem ents for protein s o f  B B Som e C om plex b y  SPP

N am e

O f

G ene

P redicted

D om nins

T otal

Cys

Predicted

D isu lfid e

B onds

^ ^ ١ Cys2
P robab ility

o f

A ntigen icit

y

ء“‘

D om ain l: 1 - 103 

Domain2: 1 0 4 -4 4 9  

D o m a in 3 :4 5 0 - 593

8 3

٧

267

377

40

285

520

0.449276

د

D om ain l: 1 - 3 4 4  

Domain2: 345 - 672 

D om ain3:673 - 721

١٦ 4

662

30

142

442

77

534

0.756270

B B S4

D om ainl: 1 -4 6 1  

D o m a in 2 :4 6 2 -5 1 9
N il N il N il N il

0.735580

BBSS
D om ainl: 1 - 1 3 1  

Domain2: 1 3 2 -3 4 1
1 33 75 0.638001

D om ain l: 1 - 3 5 4  

Domain2: 355 -4 5 1  

D o m a in 3 :4 5 2 -7 1 5

13 5'

527

432

243

133

135

540

447

^96

152

167

0.764474



BBSS
Dom ain 1 : 1 ' 9 3  

Dom ain 2: 9 4 -5 4 1 ء ء

23

396

357

27

445

395

0.631723

39^ 400

578 598

360 371
Dom ainI: 1 - 4 8 2

BBSIO 110 1^3 0.755688
D o^ ain2: 483 - 577 22 8

201 204
D o m a in 3 :5 7 8 - 723

621 م94

166 179

27 28



3.6 Tertiary Structure:

3.6.1 M ODELLER:

M ODELLER is used to design m odels for known B BS genes. The details o f  the m odels 

designed against each protein o fB B S o m e com plex are shown in table 3,12. the visual 

details o fth ese  m odels are also shown in figure 3.

N am e of 

gene

M odel 

residue range

No o f residues 

m odeled

M O D E L L E R  O bjective  

F unction

Based on إ

tem p ^ te

BBSI 1-593 593 4998.3853 2ZKJ_A

B B S2 1-721 721 5388.9409 1 C 8 B _ A J

B B S4 1-519 519 15220.1328 3K D 7_A

1-341 341 2509.8127 2W G Q _A

1-715 715 6055.8643 3L3P_A ا

BBSS 1-541 541 3119.1487 1W 3B_A

BBSIO 1-723 723 4598.3145 1Q3R_A



)ء



g)

Fig. 3،8. Cartoon Representation of proteins of the BBSorae complex designed by 

Modeller, Viewed in PyMol (a) BBSl (b) BB^^ (c) BBS4 (d) BBSS (e) BBS7 (f) BS 

(g) BBSIO



SWISS M ODEL:

Sw iss M odel workspace is an easy-to-use web based m odelling workbench. It facilitates 

the user to evaluate and build protein models. The Sw iss M odel results for the proteins o f  

^ ^ S o m e com plex arc given in table 3.13.

N A M E  O F  

G E N E

R E SID U E

R A N G E

B A SE D  O N  

T E M PL A T E

E -V A L U E Q M E A N Z -

S € O R E :

218-399 ItbgA
أ'ق - و ءم

-5.474

B B S2 72-107 3iiyA -1.69

B B S4 101-234 2fo7A 7.30e-16 -1.801

205-271 le i j c 7.20e-5 -1.103

ء ء ء ء 426 to 523 2fo7A 2.90e-12 -1.56

BBSIO 232 to 401 IgmIC L 60e-26 0

3.6.2 ESYPRED3D:

Esypred3D is an o ^ i^ e  service for protein tertiary structure prediction. It normalizes the 

alignment score b y  com bining the alignment results o f  various programs.The details o f  

m odels designed b y  Esypred3D are given in table 3.14.



Table 3.14. Esypred3D output for known genes of BBSome Complex
I NAME 

OF 

I GENE

MODELL

REGION

SEQUENCE

ALIGNMENT

Z-

SCOR

E

TARGET

PROTEIN

LENGTHQUERY MODEL

85-541 1-355 85-541 -1.52 593

10-712 1-320 10-712 25.5 721 ا

251-617 1-102 251-617 14,03 519

1-341 1-7^0 1-341 ،0.57 341

BBS7 14-712 14-712 13.89 715

،ص 1-418
‘

!-41$ -6.58 541

BBSIO 1-549 1-518 1-549 -6.73 723

3.6.3 MODBASE:

M odbase is an online service for efficient calculation o f  tertiary conformations o f  a 

protein. Moreover, it also allow s the user to assess the m odels o f  a protein. The m odels 

designed by M odbase ma^ cover only a segm ent or the entire target sequence.

The details o f  m odels calculated through this service are presented in table 3.15.



lk’stt!(sctuipfvr ت

1 NAME 
OFGEiNE

MODELL

REGION

TEMPLATE E-VALUE TARGET
PROTEIN
LENGTH

3emhA 0.0069 593

5-321 3odtA 0 721

35م312 IflgA 0.0019 721

23-514 2xpiA 4.8e-ll 519

175-223 lelwA 0.027 519

148-250 2cayA 0 341

159-219 2c5aA 0.81 341

BBS7 573-636 IgvnA 0.58 715

2xpiA 0.0087 541

BBSIO 3-708 lq3qA 0 723

3.7 Model Evaluation:

The evaluation phase is a mandatory phase in almost all projects. It is in fact a review 

checkpoint for the project. As this project includes the modeling 0  ̂various proteins of 

the BBSome complex, so the evaluation phase involves checking for the possible errors 

in the newly designed models, their energy values as well as the favored and non-favored 

regions within the structure.

The evaluation phase involves reviewing all the save points in the course of a project. 

The major save points in the mode! evaluation are:



٠ Z'Scorc evaluation 

٠ Ramachandran plot evaluation 

These steps are performed through various available servers^

3.7.1 Z-Score Evaluation:

Swiss-Model:

Tĝ ble 3.16. Z-Score details of BBS proteips through Swiss-Model 
Model I Z-Score

ModelTemplate

BBS1_2ZKJ j 0.169

BBS2_1C8B -3.827 -7.055 ا

BBS4_,3KD7 -0.664 -5.019 ا

BBS5_2WGQ 2.032

BBS7_3L3P -1.071 -7.427

BBS8JW3B -0.331 -4.554 ا

BBSiO_lQ3R ا -0.323 ا ا -6.01 ا

ProSA:

Table 3.17. Z-Score details ٠ fBBS proteins through ProSAا Model Z-Score ا
1 Template ا  Model إ
|BBS1_2ZKJ -8.52 -2.05

BBS2JC8B -3.74 -0.4

BBS4_3KD7 -5.96 -0.47

BBS5_2WGQ 0.66

BBS7_3L3P -6.87 1 0.86 1

BBS8JW3B ا -8.8 -6.94 ا

BBS10_1Q3R ل



3.7.2 RAMACHAM)RAN PLOT 2.0:

The server which I have used to figure the Ramachandran plots of the newly modeled 

^rote^ structures is Ramachandran plot 2.0. It is a web based server that has an 

assortment of improved options for displaying the torsion angles in various regions. The 

residue details provided by Ramachandran plots for the proteins ofBBSome complex are 

given in table 3.18.

Table 3.18. Residue details of BBS proteins as Grained through Ramachandran 
Plot 2.0

Model Fully

Allowed

Regions

Additionaiiy 

Allowed Regions

Generously

"

Outside

BBS1_2ZKJ 81.05ام0 12.^1% 4.23م/م 2.71%

B B S2JC 8B 74.27ام0 ةل2?م/م . 5.01ام0 4,45ام0

B B S 4 JK D 7 79.11م/م 12.19م/م 5.03ه/م ة% 3.ة

BBS5_2WGQ 15.63م/م 4.13ام0 2.36ام0

BBS7_3L3P 69.57ام0 18.93% 8.13ام0 3.37ام0

B B S8JW B B ا 84.60ام0 8.91م/م 4.08م/م 2.41%>

B B S10JQ 3R 80.44ام0 12.48ام0 4.30ام0 2.77%،



The Ramachandran plots obtained â e as under:

+ ١٤؟

ء ٠ ء ا ) م ر

- ١̂٠
p h i ( * )

■1S0

p s J ( ‘ ) ٠

-130

؛١))>؛

+ 180

٠
ح م " ' ' ي

sص
د

ء

pil ا

-1E0

p h i ( M

)ه

+ 180

+ 1مة

p s i ( * )  ٥

-180

p h i ( ♦ )

c)



■ ISO

ps>(*) ٠

ISO -1Q0

phiri

■ISO

٠ *(t؛ps

. ١̂٠

0e)

٠ ) م ٣[ر ١

Fig. 3.9. Ramachandran plots of (a) BBSl (b) BBS2 (c) BBS4 (d) BBSS (e) BBS7 ( 0  

BBSS (ج ) BBSIO



3.8 Hydrophobicity Plots:

Hopp & Woods Hydrophobicity scale was used to get an insight into the antigenic sites 

and surface details of the proteins of the BBSome complex. Preditop package was used 

for antigenic prediction. BBS2, BB^^ ^nd BB^^ showed some higher peak values in 

residue plots corresponding to potential antigenic sites of tills complex.

(a)

(b)



(ء)

Fig. 3.10. Hydrophobicity plots of the proteins of BBSome complex using Preditop 

package showing antigenic sites in (a) BBS2 (b) BBS4 (c) BBSS



3.9 Protein Interactions:

Protein Interactions involved in Bardet-BiedI Syndrome are obtained through STRING 

database.

3.8.1 STRING:

Interactions obtained through STRING are based on experimental data, text mining, C O -  

expression of proteins and genomic context. The interactions of the proteins involved in 

BBSome complex obtained through STRING are given in figure 3.11 to figure 3.17.

Figure 3.11، Interactions obtained through STRING for BBSl



CCDC28B
MKKS

Figure 3.12. Interactions obtained through STRING ^ r  BBS2

DCTNl

MKK؛

R A B 3 :

Figure 3،13. Interactions obtained through STRING for BBS4



B B S l

A P I G I

Figure 3.14. Interactions obtained through STRING ^ ٢  BBSS

ARL6TTC8

Figure 3.15. Interactions obtained through STRING forBBS?



TTC8

APIGI

Figure 3.16. Interactions obtained through STRING for

B BS9،TRIM 32

B B S l

TTC8م ح ء ؛«و
٦ % .

Figure 3،17. Interactions obtained through STRING for BBSIO



3.8.2 PyMol:

Selection Algebra:

On the basis of above found interactions of the BBSome complex, several i^eraction 

possibilities have been mapped out for docking studies, ^ s e  possible interactions are 

further elucidated b  ̂the extent of interaction found between various proteins. These are:

Figure 3.18. Result ofBBSl-BBS2 docking, Showing Hydrogen Bonds

The details ofhydrogen bonds of the BBS1-BBS2 complcx are as under:

[ BBSl Gin ^ rg Lys Arg Arg Ser Tyr Tyr Tyr

- ١١̂ 100 241 4ة3 483 529 و28 ق2ة
BBS2 He ?ro Ser Ser Val A ĝ . Arg Ser Ser

- 443 444 440 721 716 703 703 704 704

Bond Distance إ 3■̂ 3.0 3.4 2.8 3.4 3.4



Figure 3.19. Result of BBS1-BBS4 docking. Showing Hydrogen Bonds

Following table shows the details of hydrogen bonds present in the BBS1-BBS4 

coinplcx:

Table 3.20. Hydrogen Bond positions for BBS1-BBS4 (docked)

BBSl

ج

Scr

21

٨١□

11

Ser

7

Scr

243

Gin

ل4ل

Asn

524

?ro

370

Asp

371

Lys

317

BBS4 Asn Gin Thr Leu Leu Thr Gin Gin Glu

1 ب 297 24? 248 21ك ؛ •21 ‘452^ 448■ 448 3ك2

Bond

Distance

3,5 3.1 J .3 . 2.9 -• 3.0 2.4 2.7 .3.5 ا



Figiire ^ ٠̂٥ . Result of BBS1-BBS5 docking, Showing Hydrogen Bonds

The details ofhydrogen bonds found in the BBS1-BBS5 complex are as under: 

Table 3.21. Hydrogen Bond positions for BBS1-BBS5 (docked)

BBSl Arg Arg His Thr

— > 262 26S 281 498

BBSS ٨١٨ Gin Tyr His ا

> 157 ل1 ة 190

Bond

Distance 2.9



Riwiilt.s

BBS1-BBS7:

Figure 3.21. ResuH ofBBSl-BBS7 docking, Showing Hydrogen Bonds 

The hydrogen bonds found in complex are as under;

Table 3.22. Hydrogen Bond positions for BBS1-BBS7 (docked)

BBSl GLU ٠ ASN GLY GLU ASP

> 51 33 63 164

BBS7 Ser Arg Phe Arg Cys

-> 567 ب ^,559 526.., ...,.4 8 4 527

Bond

Distance 2.8 3.2 3.0; 2.9



^ 3 . 2 2  ^ ؛٧٢ ^ . Result of BBS1-BBS8 docking, Showing Hydrogen Bonds 

٨  look at the BBS1-BBS8 complex reveals the following hydrogen honds:

Treble 3.23. Hydrogen Bond positions for BBS1-BBS8 (docked)

BBSl ا؟ - اا ASP LEU

•
316 371

Gin Thr Gin

—¥ 3S0 407 401

Bond

Distance 2.3 3.1 2.2



Figure 3.23. Result ofBBS2-BBS4 docking, Showing Hydrogen Bonds 

The hydrogen bonds found in this coinplex are as under:

Table 3.24. Hydrogen Bond positions for BBS2-BBS4 (docked)

BBS2 و Asp Ala A^^ Thr

إ ز 454 719 703 718 j

BBS4 ا $er Lys Asn Thr

110 116 227 230 ا

Bond إ -

Distance إ
p

2.8 2.8 3.2, 3.3 2.8, 2.7



Figure ^ .̂ ^٠ Result ofBBS2-BBS7 docking, Showing Hydrogen Bonds 

The details ofhydrogen bonds found in the BBS2-BBS7 complex are as under: 

Table ^ .^ $٠ Hydrogen Bond positions for BBS2-BBS7 (docked)

BBS2 Ala Ser lie Ser Leu Ala Ser

> 419 440 443 ة 4ة 647 719 7^0

BBS7 Tyr Leu Thr Ajg Gly Arg

—ج 615 ٦٦٦ 319 346 63 261 261

^ist^nce 2.7 3.2 2.0 3.2 3.4 3.1 3.4



Figure 3.25. Result ofBBS4-BBS5 docking, Shoiving Hydrogen Bonds

The BBS4-BBS5 complex showed following hydl'ogen bond interactions when viewed 

through Pymol:

'r؛iblc3.2(>. Hydrogen Bond positions for BBS4-BBS5 (dockcd)

Asn Glu Arg Glu Thr ]

*
332 352 359 449 إ

.Glu Tyr Arg Leu Glu

2?? ١٩? 153 154 319 I

I Bond

Distance ت و 2.4 2م



Figure 3.26. Result of BBS4-BBS7 docking, Showing Hydrogen Bonds

A look at the BBS4-BBS7 complex reveals the following hydrogen bonds:

Table ^ .^ ?٠ Hydrogen Bond positions for BBS4-BBS7 (docked)

BBS4 Leu Tyr Thr Asn Asn Thr , Thr

215 218 248 2?5 29? 449 452

[ BBS7 Val Ser Ser ^ a l Glu Lys Lys

- 520 5^2 522 525 530 577

Bond ا

Distance ا 2.3 1.9 3.5 2.9 2.0 2.8 3.3 ا



Figure 3.27. Result ofBBS4-BBS8 docking, Showing Hydrogen Bonds 

The Jockcd complcx ofBBS4 and BBS8 confirmed the f o l l o w i n g  hydrogen interactions: 

'!'nble 3.28. Hydrogen Bond posifions for IilJS4-BBS8 (docked)

BBS4 Thr Gin Asn

ب 62 63 227

BBSS lie lie Phe

ا ٠ 64 67 22^

B إ ond.-''- . -

Distance إ 2.5 3.5 .
ق-ة - .



Chapter 4 

Discussion



4. DISCUSSION

Protein stmctiire recognition ^n^ modeling i  ̂ one o^t^e most intriguing and challenging 

task as far a  ̂ structural and computational biology is concerned. Despite our knowledge 

of the biochemical properties and behavior of the proteins, the interaction prototypes of 

proteins are still quite hard to pin d o ^ .  Comparative modeling techniques are being 

employed quite often to address the mystery of protein interactions 

Here I have investigated the properties of functional module i.e., ^^$om e complex, 

designing the models for the eight protein in question, one being a molecular chaperone 

and the other one is the RabS GTPase. ^he BBS proteins pose a different situation to the 

advancement of the research by showing very low sequence similarity to those of known 

structures as shown in BLAST results of these proteins (Table 3.1). ^ e  complexity of 

the process is increased to a greater extent by the fact that these proteins interacting 

together to form the BBSome complex show very less similarity to the other members of 

the complcx too, tluis making the process a more elusive one, Protein-Protein interactions 

are fundamental to the biological processes in a cell. Many important cellular functions 

are implemented by protein complexes.

During the study, post translational modifications in the case of BBS proteins are viewed 

through SignalP. ^one of the proteins appeared to be as a signal peptide as it is evident 

from the data obtained for these proteins (Table 3.2 & Figure 3.1 to 3.7). Thus, on the 

basis of our findings it is proposed that they do not possess the mechanism to reach to 

their final destination and need to be transported to the base of cilia through some 

signaling pathway. Tlicse findings about the BBSome proteins appear to provide an 

answer to the question of involvement of BBSome proteins in transport of signaling



rcceptors and that whether the ^^$©١٦٦̂  is directly involved in vesicular trafficking to the 

cilium (Jin and Nachury 2009). The results for known proteins of the BBSonie complex 

are then cross checked through SecretomeP server to check for the possibility o f Non- 

classical secretion.

The primary structure details obtained through ProtParam have revealed that BBSl, 

BBS4 and BB$^ showed potentially higher values (>45) for instability indexes (Table 

3 . 5 ) .  T h e s e  m e m b e r s  o f  t h e  c o m p l e x  d i s p l a y  s o m e w h a t  u n s t a b l e  b e h a v i o r w ؛ h i l e  t h e  r e s t  

(BBS2, BBS7, BBSS, BBSIO) are reasonably stable thus rendering the whole complex as 

a stable one.

For analyzing the potential antigenic sites of these proteins, ProtScale has been used out 

of various options available. As we ^now that antigenic components of proteins are 

mostly the surface features so Hopp & ^^oods hydrophobicity scale was employed to get 

an insight into the antigenic and surface details of the proteins of the BBSome complex. 

High peak values in case of BBS2, BBS4 and BBS5 correspond to greater antigenic 

activity than the remaining members of the complex. The regions of high antigenicity in 

the case ofBBS2 are 170-180 and 270-2$0 residues. In case of BB$4 the antigenic site 

lies near 20-25 residues while in case of BBSS, the region is 310-315. Antigenicity and 

catalytic activity of proteins are correlated (Yan and Harding 1997). Moreover, the 

antigenic sites may also support a possible role as a surface-exposed receptor binding site 

(Langedijk et al. 1997). The antigenic regions identified in these proteins corresponded 

well to the active residue sites as identified by PyMOL in interaction studies of these 

proteins (Table. 3.19 to Table. 3.28). Thus, confirming the possibility^ of enzymatic and 

antigenic activity in this complex of proteins.



The secondary structure analysis of the BBS proteins has revealed that these proteins 

possess quite fewer secondary components as is evident from Table 3.10 and Table 3.11. 

This may be due to the interactions between proteins. Because, when proteins interact 

together to form complexes, their interacting sequences ma^ be essentially disordered; 

they lack the crucial secondary and tertiary slrا  cturc components to ensure nrm, stableا

and potentially viable interactions.

٨ !] the members of the BBSome complex except BBS5 appear to possess low 

complexity regions (Table. 3.10). Low complexity regions are known as regions of 

proteins with biased amino acid composition. The proteins having low complexity 

regions tend to have a greater participation in interactions than those lacking these 

regions (Coletta et a l  ^010). Moreover, the low complexity regions of these proteins 

appear to be central rather than terminal, which indicate role of these proteins in 

transc!^ption and transcription regulation processes.

The models of BBS proteins selected in this project have been designed mainly through 

Modeller while various other modeling servers have also been used to generate models 

for these proteins, however. Modeller utilizes all the ways to minimize the energy of the 

newly designed models, as well as it provides models for the full length sequence of the 

protein in question. A fair number of models (45) against each protein were designed 

through Modeller. When analysed through ProSA, Swiss Model and Ramachandran plot 

^,0, the models designed through Modeller gave best results as compared to all others in 

almost all of the cases. Esypred3D has also produced fairly comparable models for 

BBSS, BBSIO and quite compromising models in case ofBBSl and BBS5.



When the modeling process was over, proteins of the BBSome complex were docked 

through GRAMMX (Tovchigrcchko and Vakser 2006). Tlie pattern ^or docking was 

originaliy based on the interactions present in the BBSome complex as provided by 

STRING database. The selection algebra for these docked complexes was basically based 

on the parameters used b^ STRING database. The docked complexes were than analyzed 

for possible ionic interactions, most importantly being hydrogen bonding through 

PyMOL. ?air number of interactions was observed in all the docked complexes. Almost 

50'/o of the residues that took part in these interactions were aromatic amino acids, other 

participants being polar ones (Table 3.19 to Table 3.28). When the residues participating 

actively in these i^eractions were analyzed, they came out to be fairly related to the 

antigenic sites of these member proteins. In case ofB B Sl, actively participating residue 

regions that appear to interact most promisingly in all the docked complexes are 522-529, 

483-498, 370-371 and 241-268. These regions ofBBSl may pose for potential interacting 

pockets. BBS2 when checked for similar interaction patterns revealed two interactive 

sites over the entire sequence of the protein i.e., 419-454 and 703-721. A look at BBS4 

docking and interaction prototypes showed residues at 215-248 and 448-452 to be the 

active participants of interactions. I^e^ction  pattern found in BBS7 revealed residues at 

520-586 position as potential interactive site. BBS5 and BBSS came out to be less 

interactive than other members of the complex while BBSIO which is a molecular 

chaperone did not participate in any direct interaction with the proteins of the BBSome 

complex. When these interaction sites in all the member proteins were analyzed, their 

amino acid composition demonstrated a combined behavior in terms of polarity of these 

sites. Amino acids at these positions are mostly ̂ olar, being neutral as well as charged.



Thus the proteins of the BBSome complex displayed more pol^r or hydrophilic character 

than hydrophobic one, as it is evident from ProtScale results and is also verified through 

docking studies. This character of proteins is important in determining their role in 

protein-protein interactions as well as in the structure determination of the protein. 

Interestingly, member proteins of the BBSome complcx are reported to interact with the 

Rab8 small GTPase factor for the proper cilium assembly and for the extension of ciliary 

membranes (Nachury et al. 2007). Rab8 is reported to uphold the docking and fusion of 

vesicles near the ciliary membrane (Leroux 2007). Investigation of the interaction pattern 

of this GTPase with the BBSome proteins revealed some, interesting patterns in the 

complex. Firstly tl^e docking of BBSome Proteins was done on the basis ofSTPvE^G data 

as described in the PyMOL section. After that, docking of these proteins was carried out 

with the Rab8 GTPase. The ^oc^ed complexes were then docked again according to the 

pattern obtained by STRMG. The next step in the process was to analyze the simple 

dockings through Hex on the basis of their energy values. The energy values were then 

compared to those obtained after docking with RabS GTPase and a striking difference 

was observed. The binding energies ofthe RabS complexes appeared to be less than those 

of the simply do,:ked complexes, thus giving a hint about the positive interaction impact 

of RabS GTPase. On the basis of these ^d in g s , it is proposed that the BBS proteins ^rst 

interact with RabS GTPase and then interact with each other to form a stable complex.

FUTUKE WORK:

Protein-protein interactions (PPl) participate in many biological progressions such as 

gene expression control, enzyme inhibition, signal transduction, antibody-antigen 

recognition or even the assemblage of. multi-domain proteins. Interactomics not only



attempts to characterize the interaction between proteins, but between all molecules in the 

cell. While genomes are stable, interactomes may vary between tissues and 

developmental stages. That is why their study involves much detailed information of the 

genome, ^ u ch  ofthe signal transduction processes get affected by binding interactions of 

proteins. Thus mapping protein-protein interactions can play an important role in 

identifying potential drug targets. As for the proteins of the BBSome complex, much 

remains still unexplored. So study of BBS proteins with respect to the fact that whether 

they are involved in one way transport to cilia or otherwise is an important and viable 

research area.
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