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Abstract 

Cytoplasmic dynein is a main motor protein that is accountable for microtubule minus-

end-directed activities in the eukaryotic cells. It transports a large range of cargoes and 

exhibits frequent functions during spindle congregation and chromosome separation. 

Dynein light chains (Tctex1 and Tcte3) add diversity in dynein function by connecting 

specific cargoes to the dynein complex. Tctex1 and Tcte3 are germ cell specific proteins 

with higher expression levels in testis and play a vital role in male germ cell 

development. Dynein complex plays an important role in the regulation of apoptosis by 

carrying pro- and anti-apoptotic cargoes. In this study, we investigated the role of Tctex1 

and Tcte3 in apoptosis by computational approaches. We modeled Tctex1, Tcte3 tertiary 

structures to explore their structural similarities with dynein light chain of 8 kDa (LC8) 

which is experimentally known dynein light chain having role in apoptosis. Multiple 

docking procedures were employed to validate homodimerization and binding groove for 

pro-apoptotic protein Bim. Molecular dynamics simulation analysis was performed to 

confirm the stability and residual flexibility of apo-Tctex1,Tcte3 and their complexes 

with Bim. The simulation analysis demonstrated an overall stable binding pattern. We 

propose that like LC8, Tctex1 and Tcte3 exhibit similar dimer topology and binding 

grooves for Bim. Due to structural similarity, common binding partners, identical binding 

pocket and functional relevance, Tctex1 and Tcte3 may have common roles in apoptotic 

pathway by interacting with Bim in a similar manner to that of LC8. 
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1. INTRODUCTION 

1.1 Motor proteins 

Motor proteins act as molecular machines that are capable of cell motility by utilizing 

energy derived through ATP hydrolysis. In cytoplasm, cellular cargos and vesicles are 

transported by driving force of motor proteins. Several motor proteins (kinesin and 

cytoplasmic dynein) play important role in intracellular transport (axonal transport), 

spindle apparatus formation and chromosomes separation during cell division process 

(Gittes et al., 1993). 

1.2 Cytoskeletal motor proteins 

The movement of motor proteins is carried out in two ways on the basis of their 

substrates. Actin motors (myosin) follow the movement along microfilaments by 

considering actin interaction. Microtubule motors (kinesin and dynein) move with the 

help of microtubules through tubulin interaction. Cytoskeletal motor proteins are 

classified into two categories based on carrying movement direction along microtubules 

within cell i.e., plus-end motors: actin motors and minus-end motors: microtubule motors 

(Baas and Ahmad, 2001).  

There are prominent similarities in these three cytoskeletal motors (myosin, kinesin, and 

dynein) as they are independently evolved and not homologues. Each motor protein 

converts chemical energy into mechanical energy by means of ATP hydrolysis (Gittes et 

al.,1993). All motor proteins exist in complex form which consists of several 

components. The regulation of motor activity is mediated by heavy chain. The 

intermediate and light chains arbitrate the tethering of motor to molecular cargo. The 

heavy chain is structured into two domains. The head (globular) domain incorporates the 

ATP-sensitive track-interacting region and the ATP hydrolysis. The tail (extended) 

domain is responsible for linking motor to cargo by interacting with other subunits (Asai 

and Wilkes, 2004). 
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Figure 1.1: Classification of motor proteins. Motor proteins are represented  in flow 

chart. There are total five levels: at '0' level motor proteins, '1' level shows example of 

motor proteins and '2' represents the categories of Cytoskeletal motor proteins (actin and 

microtubule). At '3' level examples of microtubule (kinesin, dynein) and actin motors 

(myosins) are represented . Level '4' illustrates the classification of dyneins into two 

categories (axonemal and cytoplasmic). For further classification of cytoplasmic dyneins 

level '5' describes the four chains (Heavy chain: Hc, Intermediate chain: Ic, Intermediate 

Light chain: ILc and Light chain: Lc). 

1.2.1 Actin motors 

Actin motors are connected in a manner to form hetero-motor complexes. The best 

example of such confirmation is ‘myosin’ (Goode et al., 2000).  
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1.2.2 Myosin 

Muscle contraction is generated by primary recognized myosin (myosin II). Myosin II 

protein is composed of two heavy chains (motor head) and two light chains. Myosin head 

contains ATP and actin interaction sites. The movement towards plus (+) end of actin 

filament provides energy. In cell division, myosin II plays an essential role. Bipolar thick 

filaments of myosin II divide parent cell into two daughter cells by contraction force 

during cytokinesis. Myosin is also responsible for multiple non-muscle cells movement. 

At cell surface, myosin I is engaged in intracellular association and the projection of 

structures (actin-rich). Organelle and vesicle transport is proscribed by myosin V 

(Alberts, 2002). Myosin XI is involved in the cytoplasmic streaming which allows 

organelles to stream along with microfilaments (Thompson and Langford, 2002). 

1.2.3 Microtubule motors 

In essential cellular functions (vesicle trafficking and cell division), motor proteins utilize 

microtubules as substrates. Microtubules are involved in interaction with major motor 

proteins like kinesin (moves towards microtubule positive end) and dynein (moves 

towards negative end of microtubule) (Hirokawa et al., 2009). 

1.2.3.1 Kinesin 

Kinesin generates the motile strength by driving conformational changes through the 

utilization of ATP hydrolysis (Hirokawa and Noda, 2008). Kinesin is a superfamily 

proteins, act as significant motor proteins for transportation of cargos. Kinesin is involved 

in the transportation of protein complexes, mRNAs and membrane bounded organelles. 

Recent studies suggest different mechanisms to recognize kinesin binding to specific 

cargos, unloading and adjusting the direction of movement. Recent in- vivo experiments 

have exposed imperative and unpredicted functions of kinesins in various physiological 

processes (developmental patterning, brain function and tumor repression) (Hirokawa et 

al., 2009). 
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1.2.3.2 Dynein 

Dynein is one of the cytoskeletal motor proteins that is essential for smooth movement of 

microtubules through the thrashing of cilia and flagella located on eukaryotic cell 

surfaces (Roberts et al., 2013). Dynein belongs to superfamily AAA (ATPases related 

with assorted actions) (Neuwald et al., 1999). Dyneins are divided into two groups: 

axonemal and cytoplasmic dyneins.  

1.2.3.2.1 Axonemal dynein 

Axonemal dyneins exist in complex form by containing one, two or three non-identical 

heavy chains depending on organism and cilium location. Heavy chain is comprised of 

doughnut-shaped structure (globular motor domain) similar to AAA proteins, a twisting 

coil 'stalk' (interacts with microtubule), and an elongated tail (stem) which binds to 

adjacent microtubule of similar axoneme. The regulated activity of axonemal dynein is 

significant for ciliary waveform and flagellar strike frequency. The regulation of 

axonemal dynein includes calcium mode, phosphorylation and redox activity (King, 

2012). 

1.2.3.2.2 Cytoplasmic dynein 

Cytoplasmic dynein consists of heavy, intermediate, light intermediate and light chains 

which are involved in many biological processes (Figure 1.2). Cytoplasmic dynein 

(molecular mass of about 1.5 mega Daltons) is a complex of dimer which is composed of 

twelve polypeptides. Two identical heavy chains (520 kDa) regulate ATPase activity and 

mediate microtubule-dependent movement. The two intermediate chains (74 kDa), two 

light intermediate chains (53–59 kDa) and a number of light chains (McKenney et al., 

2014) help to attach dynein to its cargo. Cytoplasmic dynein performs enormous cellular 

functions (Wickstead and Gul, 2007). Cytoplasmic dynein members of mouse and human 

represented in Table 1.1. 
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Figure 1.2: General model of cytoplasmic dynein. Structural illustration of dynein 

complex is adapted from (http://www.science.oregonstate.edu/~barbare/research.html.) Heavy 

chains in sky blue color shows binding to microtubule (orange). C-and N-terminals of 

intermediate chain are shown in gray color. Light intermediate chain is represented in 

purple color. Three types of light chains are illustrated in blue (LC7), green (LC8) and 

golden (Tctex1) colors.  

Table 1.1: Cytoplasmic dynein members of mouse and human. 
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DYNC1H1 DYNC1I1 DYNC1LI1 DYNLT1 DYNLRB1 DYNLL1 

DYNC2H1 DYNC1I2 DYNC1LI2 DYNLT3 DYNLRB2 DYNLL2 

- - DYNC2LI1 - - - 

DYNC1H1 DYNC1I1 DYNC1LI1 DYNLT1 DYNLRB1 DYNLL1 

DYNC2H1 DYNC1I2 DYNC1LI2 DYNLT3 DYNLRB2 DYNLL2 

- - DYNC2LI1 - - - 
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1.3 Heavy chain 

The dynein heavy chain is a massive structure (4600 residues). The length of dynein 

heavy chain is greater than twice the size of myosin II and mass of kinesin. Dynein heavy 

chain moves along microtubule in particular directions (Ishikawa, 2012). There is a great 

distinction in numeral of dynein heavy chain genes in eukaryotes (Vale, 2003).  

1.4 Intermediate chain 

The intermediate chains DYNC1I1 (IC1) and DYNC1I2 (IC2) are involved in binding 

with cargo (Ha et al., 2008). Interaction of dynein complex and cargo occurs in the 

presence of dynactin complex. Dynactin complex binds to dynein intermediate chains 

(DIC) to adapt dynein-cargo interactions. Dynactin complex also shows interaction with 

microtubule to regulate the dynein movement (Chevalier-Larsen and Holzbaur, 2006; 

Schroer, 2004). The intermediate chains (IC1 and IC2) are involved in direct binding 

with other protein cargos (beta-catenin, kinesin light chains 1 and 2, casein kinase II, 

huntingtin and neurofilament) (Kuta et al., 2010). IC1 and IC2 possess 69% similarity 

and contain an approximate molecular weight of about 74 kDa (Paschal et al., 1987). 

Intermediate chains form homo- or heterodimers (Lo et al., 2006). DICs interact with 

dynactin through N-terminus, while its C-terminus is associated with heavy chains by 

means of WD40 (Ma et al., 1999). 

1.5 Light intermediate chain 

Cytoplasmic dynein light intermediate chains (DLICs) have homology with transporter 

family (ABC) of ATPases. DLIC contains potential ATPase activity and acts as a novel 

family of dynein subunits. DLICs show complexity due to their post translational 

modification (Hughes et al., 1995). LIC1 attaches to pericentrin (structural component of 

centrosome) involved in microtubule association and function (Doxsey et al., 1994; 

Purohit et al., 1999), signifying that this subunit is implicated in connecting dynein to its 

cargo (Purohit et al., 1999; Tynan et al., 2000). 

 

 



Chapter 1                                                                                Introduction 

 

Role of Dynein Light Chains Tctex1 and Tcte3 in Apoptosis through In-silico  

Approaches  7 

 

1.6 Light chains 

Cytoplasmic dynein contains a low molecular weight14-kDa light chain (LC) known as 

Tctex1. LCs function by attaching specific cargoes to the dynein complex (King et al., 

1996; Bowman et al., 1999; Tai et al., 1999). In dynein complex, three classes of LCs are 

well-characterized. 

1.6.1 Tctex1 family 

The Tctex1(t-complex testis-expressed-1) family of LCs consists of two isoforms: 

Dynein Light chain 1 (DYNLT1) and Dynein Light chain 3 (DYNLT3). These two 

isoforms help dynein to connect with its specific cargoes. DYNLT3 is involved in 

transportation of checkpoint proteins between kinetochore and spindle pole. DYNLT3 is 

also important for congression of chromosome (Lo et al., 2007). 

Partial structural organization of Tctex1 depicts that Tctex1 may bind directly to IC at N-

terminus. Tctex1 exhibits structural similarities with LC8 despite lacking sequence 

similarity (Mok et al., 2001). Tctex1 is involved in axonal specification, neurite 

development and hippocampal neurons growth (Chuang et al, 2005). Tctex1 acts as a 

component of inner arm. Tctex1 performs independent functions other than movements. 

Tctex1 is profusely expressed in post-mitotic neurons at embryonic stages and plays vital 

role in neuritogenesis (Chuang et al, 2005). Tctex1 expression restricts primarily to the 

Golgi apparatus in interphase fibroblasts (Tai et al., 1999) 

The human orthologous Tcte3 gene was mapped on chromosome 6q27 (Neesen et al., 

2002). Tcte3 encoded protein shares 87% homology. Tcte3 is mainly expressed during 

male germ cell development in brain, lung, and trachea tissues (DiBella et al., 2001). The 

predominant expression of Tcte3 in somatic and male germ cells has detected by several 

recent studies (Huw et al., 1995) 

 

 

http://emboj.embopress.org/content/26/11/2621#ref-7
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1.6.2 The Roadblock family 

Dynein Light Roadblock (DYNLRB), a class of DLC has capability of modulating 

GTPase activity of GTP-binding proteins. Members of Roadblock family are structurally 

similar proteins. These proteins regulate small GTPases (Wanschers et al., 2008).  

1.6.3 LC8 family 

DYNLL proteins were originally identified as LC. The isoforms of LC8 family are motor 

proteins (microtubule-based) dynein (Benashski et al., 1997). DYNLL proteins are 

evolutionary conserved (>94% sequence similarity between Drosophila melanogaster 

and mammals) (Wilson et al., 2001). Mammals articulate two strongly related isoforms: 

DYNLL1 (LC8a, DLC1, or PIN) and DYNLL2 (LC8b or DLC2), respectively. DYNLL2 

shows 93% identity with DYNLL1 (Pfister et al., 2006). 

LC8 interacts with proteins having K/RSTQT or GIQVD motifs to permit their transport 

in a retrospective way (Navarro Lérida et al., 2004).These proteins are involved in 

different processes including apoptosis, kidney development, enzyme regulation and viral 

pathogenesis (Lacy et al., 2005). LC8 is a hub protein that is essential for diverse protein 

networks (Dunker et al., 2005). The central modulatory roles of LC8 are due to its 

capability to endorse dimerization (Barber, 2008). LC8 functions as a cargo adapter 

related with both motor and cargo protein (Fan et al., 2001). LC8 promotes structural 

stabilization and dimerization. LC8 controls binding of its partners in various protein 

complexes as dynein motor complex (Barber, 2008). 

1.7 Apoptosis 

Apoptosis is a vital constituent of a variety of processes (Cell division, chemical-induced 

cell death, system, hormone-dependent atrophy, embryonic development, growth and 

functioning of the immune system. Aberrant apoptosis causes many abnormalities in 

human, neurodegenerative diseases, autoimmune disorders, ischemic damage and 

numerous kinds of cancer (Elmore, 2007). Cell death (apoptosis) plays a crucial role in 

eukaryotic organisms during embryonic development and cell division.  
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Apoptosis prevents the organism by damaged cell, genetic mutation, aging, infection and 

disclosure of toxic agents (Saikumar and Venkatachalam, 2009). Apoptosis can be 

divided into three stages, commitment phase (extracellular or intracellular signals initiate 

cell death specifically), execution phase and cleanup phase (degradation in lysosomes of 

phagocytic cells and dead cells are removed) (Platt et al., 1998). The apoptotic 

mechanism is conserved throughout evolution from worm to human (Yuan, 1996).  

1.7.1 BCL family 

The BCL-2 family proteins are involved in apoptotic processes by acting as important 

gatekeepers. BCL family consists of structurally similar pro-apoptotic and anti-apoptotic 

proteins. BCL members must have at least one BH motif (Strasser et al., 2011). BCL-2 

family contains 15 members in mammalian cells and numerous others in viruses (Adams 

and Cory, 1998). All members have four conserved domains BH1 to BH4. Most anti-

apoptotic members exhibit BH1 and BH2 motifs to inhibit apoptosis. The members 

closely related to BCL-2 have all four BH domains (BH1-BH4). The pro-apoptotic 

members (Bax, Bak, and Bok) are closely related to BCL-2 and contain BH1, BH2, BH3 

domains. These subfamilies differ markedly in their relatedness to Bcl-2. Bax, Bak, and 

Bok contain BH1, BH2, and BH3domains. In comparison, 7 other mammalian pro-

apoptotic members possess only 9 to 16 AA, named as BH3 domain (Kelekar and 

Thompson, 1998). The BH3 domain acts as functional antagonists of anti-apoptotic 

proteins during programmed cell death (Conradt and Horvitz, 1998). BH3 is essential for 

pro-apoptotic proteins including C. elegance protein EGL-1 (Lelekar and Thompson, 

1998). BCL family members (Pro- and anti-apoptotic) can heterodimerize and affect one 

another’s function (Oltyal et al., 1993).  

1.7.2 Role of dynein light chains and BCL family in apoptosis 

The role of motor complexes is to seize the pro-apoptotic 'BH3-only' (Bcl-2 homology 3-

only) proteins, Bim (Bcl-2-interacting mediator of cell death) and Bmf (Bcl-2-modifying 

factor) during the regulation of apoptosis (Puthalakath et al., 2004). DLC1 is a substrate 

of p21-activated kinase 1 (Pak1) which plays a vital role in cell survival based on 

phosphorylation process. 
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 Pak1 phosphorylates Bim and prevents it from further interaction which causes 

inactivation of BCL-2 (anti-apoptotic protein). BCL family members (Bax, Noxa and 

Puma) are transcriptionally activated based on DNA damage. During apoptosis, 

cytoplasmic Bid moves towards mitochondria followed by cleavage (Tisujimoto and 

Shimizu, 2000). Bim and Bmf act in response to that apoptotic signals transmitted by 

apoptotic signals. Bim is involved in binding with microtubular dynein motor complex by 

means of LC8, while Bmf connects to myosin V actin motor complex through interaction 

with DLC2. These proteins are translocated to mitochondria upon apoptotic stimuli 

(Tsujimoto and Sujimizu, 2000). Ultraviolet (UV) radiations appear to release Bim and 

Bmf.  These BH3-only proteins act as intracellular apoptotic sensors which induce 

signals to mitochondria through pro-apoptotic BCL family members having multi 

domains (Frisch and Screato, 2001).  

1.8 Aims and objective 

The major aim of current research is to identify the role of DLCs (Tcte3 and Tctex1) in 

programmed cell death. In order to perform these tasks, Three-dimensional structure 

prediction of mouse Tcte3 and Tctex1 will be carried out. The structural comparison of 

DLCs will enable to isolate functional relevance in motor components. Comparative 

molecular interaction study of LC8, Tcte3 and Tctex1 with apoptotic facilitators will be 

carried out to explore the functional implications of these proteins in apoptosis. The 

interaction assay will be elaborated through molecular dynamics simulation assays. 
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2. Materials and Methods 

2.1 Dataset 

3D structure of rattus norvegicus Dynein light chain 8 in complex with BCL2-LIKE 

11(Bim) peptide (PDB ID: 1F95) was retrieved through Protein Data Bank (Fan et al., 

2001). Reported binding motifs [(K/R)XTQT and G(I/V)QV(D/E)] (Puthalakath et al., 

1999; Lo et al., 2001, Rodriguez-Crespo et al., 2001) of Dynein light chain LC8 with 

Bim were isolated through extensive literature survey (Rapali et al.,2011). 3D structure 

of Bim (1-9 AA) was retrieved through PDB ID: 1F95. The amino acid sequences of 

Tctex1 (UniProtKB - P51807, 1-113 AA) and Tcte3 (UniProtKB - P119851, 191AA) 

were retrieved from UniProt Knowledgebase database (Boutet et al., 2016) in FASTA 

format. Position-Specific Iterative Basic Local Alignment Search Tool (PSI-BLAST) 

(Altschul et al., 1990) was used against Protein Data Bank (PDB) (Sussman et al., 2008) 

for suitable template search. The crystal structure of Drosophila Dynein Light chain 

Tctex1 (PDB ID: 1YGT) was  used as template. Comparative modeling was employed to 

generate 3D structure of mouse Tctex1 and Tcte3 by MODELLER 9.13 (Eswar et al., 

2008).  

2.2 3D structure modeling 

In the absence of experimentally known structure, 3D structure prediction of protein from 

its amino acid sequence is the most important solution in computational structural 

biology. Under such conditions, comparative modeling is one of the most precised 

computational approaches to predict a consistent 3D structure from sequence information 

(Tramontano, 1998). 

2.2.1 Comparative modeling 

Due to lack of a well-defined or experimentally determined structure, protein 3D 

structures are predicted by homology modeling method. It is based on sequence 

alignment of query and target protein whose structure is experimentally resoluted (Rayan, 

2009). MODELLER 9.13 (Webb and Sali, 2014) was used for homology modeling. It is a 

command-based tool which takes query protein sequence as input and generates an output 
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model for the target protein by including all non-hydrogen atoms. It employs a method 

known as satisfaction of spatial restraints motivated by NMR spectroscopy data 

processing. In MODELLER, a set of geometrical criteria is used to produce probability 

density functions (pdfs) for the location of each atom in the protein (Gibrat et al., 1996).  

Following five steps were involved in the model generation. 

2.2.2 Sequence retrieval 

Amino acid sequences of query proteins were retrieved through UniProtKB (Uniprot 

Consortium, 2008). 

2.2.3 Template searching and selection 

Retrieved sequences were subjected to PSI-BLAST (Altschul et al., 1997) search against 

Protein Data Bank (http://www.rcsb.org) (Sussman et al., 2008) for suitable template 

search. The template searching was performed by considering identity, E-value and query 

coverage.  

2.2.4 Sequence alignment 

Sequence alignment is the second step of homology modeling. In this step, query and 

template sequences are aligned. The significance of an alignment is usually determined 

by E- and p-values of the resulted sequence alignment. Align2d command of 

MODELLER 9.13 was used to align the query and template sequences. Align2d 

implements global dynamic programming with an affine gap penalty function (Eswar et 

al., 2008) and is preferred for aligning the sequences as it tends to place gaps in a better 

structural context (Shen and Sali, 2006). 

2.2.5 Model building 

On the basis of sequence alignment between query protein and template, MODELLER 

9.13 automatically calculates a model containing all non-hydrogen atoms, without any 

user intervention (Eswer et al., 2003) and a 3D model is generated. The get-model 

command was used to generate 3D models of query proteins. In total, 10 models were 

generated for each query protein using get-model command and the model with lowest 
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objective function among all resulted models was selected for further evaluation (Sali and 

Blundell, 1993). 

2.2.6 Model evaluation and refinement 

For model evaluation, model quality and potential errors in 3D models were assessed 

through different web servers ProSa-web (Wiederstein and Sippl, 2007), ERRAT 

(Colovos, 1993), VERIFY 3D (Eisenberg et al., 1997), RAMPAGE (Lovell et al., 2003) 

and MolProbity (Chen et al., 2010). The recognized tool ProSA often used in refinement, 

validation of experimental protein structures and in-silico protein modeling by means of 

Z-score representation. The model quality evaluates through Z-score by comparing with 

known protein structures (Z-score). The evaluated Z-score must be within the range of 

value for similar size protein chains. ERRAT uses a novel method for differentiating 

between correctly and incorrectly determined regions of protein structures based on 

characteristic atomic interaction. ERRAT quadratic error function is used to characterize 

the set of pairwise interactions from nine-residue sliding windows in a database of 96 

reliable protein structures (Colovos and Yeates, 1993). Verify 3D assigns a structural 

class on the basis of location and environment to determine the compatibility of 3D 

model with its own 1D primary sequence. RAMPAGE generated a Ramachandran plot 

and provides information about favored, allowed and outlier regions. The structure 

validation tool MolProbity evaluates proteins on both local and global level. MolProbity 

relies on power and sensitivity provided by optimized hydrogen placement and all-atom 

contact analysis, covalent-geometry and torsion-angle criteria (Chen et al., 2010). Model 

refinement and geometry optimization was done by WinCoot (Emsley et al., 2010) and 

UCSF Chimera 1.8.WinCoot displays maps and models and allows model manipulations 

such as idealization, real space refinement, manual rotation/translation, rigid-body fitting, 

ligand search, solvation, mutations, rotamers, Ramachandran plots, skeletonization, and 

non-crystallographic symmetry (Lohkamp et al., 2005). UCSF Chimera 1.8 is an 

extremely extensible program for interactive visualization and analysis of molecular 

structures, including density maps, supra-molecular assemblies, sequence alignments, 

docking results, trajectories, energy minimization and conformational ensembles 

(Pettersen et al., 2004). 
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2.3 Multiple and pairwise sequence alignment 

Multiple and pairwise sequence alignment was carried out for Tctex1 and Tcte3 with 

1YGT and LC8. Multiple sequence alignment was done for Tctex1 and Tcte3 to inspect 

the sequence similarity of the proteins with selected template IYGT using CLC Main 

Workbench. Pairwise alignment for Tctex1 with LC8 and Tcte3 with LC8 was carried out 

using EMBOSS needle (Li et al., 2015) to explore the similarity of the proteins at 

sequence level. 

2.3.1 CLC Main Workbench. 

CLC Main Workbench is used by tens of thousands of researchers all over the world for 

DNA, RNA, and protein sequence data analysis (Workbench, 2010). 

2.3.2 Emboss Needle 

Emboss needle requires two input FASTA sequences and marks their optimal global 

sequence alignment to output file. It works on the Needleman-Wunsch alignment 

algorithm for obtaining optimum alignment (including gaps) of two sequences along their 

entire length. The algorithm uses a dynamic programming method by exploring all 

possible alignments to ensure the optimal alignment.  

2.4 Molecular docking 

To obtain best native conformation and predict a reliable interaction, computational 

approach (Protein-Protein docking) was employed to examine the binding region of 

respective proteins (Tctex1 and Tcte3). The molecular docking was performed by using 

AutoDock tools 4 (Morris et al., 2009), AutoDock Vina (Trott and Olson, 2010), ClusPro 

(Kozakov et al., 2013) and HADDOCK (de Vries and Bonvin, 2011) to identify binding 

grooves of Tctex1 and Tcte3 against Bim peptide (apoptotic facilitator) as well as for 

homodimerization. 
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2.4.1 AutoDock4 and AutoDock Vina 

AutoDock is a suite of automated docking tools. It is designed to predict how small 

molecules, such as substrates or drug candidates bind to a receptor of known 3D 

structures. Current AutoDock distribution comprises two generations of software 

(AutoDock4 and AutoDock Vina). AutoDock Vina significantly improves the average 

accuracy of the binding mode predictions compared to AutoDock4. In AutoDock4 and 

AutoDock Vina analysis, ligand and receptor molecules were prepared by assigning 

kollman charges and adding polar hydrogen atoms. The docking experiments were 

performed with a rigid receptor and flexible ligands by allowing all torsions to rotate. In 

AutoDock4, for each ligand 100 independent docking runs were carried out with a grid 

map and spacing in Angstroms (Å). The empirical free energy function and Lamarckian 

genetic algorithm (LGA) was applied with the following parameters: a population of 150, 

maximum number of 27,000 generations, a mutation rate of 0.02, crossover rate of 0.80 

and number of energy evaluations was 2.5 x 10
6
. The remaining docking parameters were 

set to default. Subsequently, results were clustered according to RMSD criterion and the 

ideal docked conformations of ligands were selected on the basis of binding free energy 

values to evaluate Tctex1 and Tcte3 binding with Bim. The best docked complex for each 

ligand was selected and interactions were monitored using DIMPLOT (Wallace et al., 

1995) which generated a plot of interactions.  

2.4.2 HADDOCK 

HADDOCK is a popular docking program that takes a data-driven approach for docking, 

with support for a wide range of experimental data. HADDOCK is the combination of 

two computational approaches, interface prediction and docking to obtain atomic-level 

structures of protein-protein complexes. The HADDOCK server has access to the 

resources of a dedicated cluster and of the e-NMR GRID infrastructure. Therefore, a 

typical docking run takes only a few minutes to prepare and a few hours to complete (De 

Vries et al., 2010). Interface prediction comprises a set of optimal restraints for data-

driven docking using HADDOCK. The six interface prediction web servers are combined 

in a consensus method called CPORT (Consensus Prediction Of interface Residues in 
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Transient complexes). CPORT predictions were used to dock the full protein-protein 

benchmark, excluding only antibody-antigens and multimer complexes, using 

HADDOCK. CPORT predictions were shown to be more reliable and resulted in at least 

an acceptable docking solution in the top 400 for the majority of the complexes (de Vries 

and Bonvin, 2011). In first step, tertiary structures of Tctex1,Tcte3 and Bim were 

submitted to CPORT server for prediction of interface residues (active and 

passive).These residues were utilized as input in HADDOCK. Similarly, in case of 

dimerization, two monomers of each protein were submitted to HADDOCK after 

CPORT. The top ranked clusters were selected for further experimentation. 

2.4.3 ClusPro 

ClusPro is a docking tool which rapidly filters the output from the Fourier correlation 

algorithm using a combination of desolvation and electrostatic energies (calculated using 

a Coulomb potential). This approach results in several near-native structures passing 

through the filter, while eliminating many of the false positives. To monitor the 

interaction, docking analysis was also performed through ClusPro (Kozakov et al., 2013). 

ClusPro uses three main steps, a rigid body docking program (PIPER) based on novel 

Fast Fourier Transform (FFT) technique with pairwise potential. The 1000 suitable 

energy conformations are clustered and 30 largest clusters are retained for refinement by 

detecting native and non-native clusters. The stability of clusters is analyzed by Monte 

Carlo simulations and refinement is performed by SDU (Semi-Definite programming 

based Underestimation). In ClusPro, input PDB files were of Tcte3, Tctex1 and Bim, 

which resulted in four predicted models (Balanced, Electrostatic-favored, Hydrophobic-

favored and VdW+Elec). Models were ranked by cluster size and lowest binding energy 

values. 

2.5 Molecular dynamics simulation assay 

Molecular Dynamics (MD) simulation of suitable docked complexes was performed by 

GROMACS 5.7.4 version (Schumann-Gillett et al., 2017). GROMACS is a high end, 

high performance research tool designed for the study of molecular dynamics. Best 
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docked complexes Tctex1-Bim and Tcte3-Bim were subjected to GROMACS for 

molecular dynamics simulation analysis. A detailed analysis was performed to evaluate 

the conformational changes, folding, stability, and dynamic behavior of interacting 

proteins. All MD simulations were performed on highly efficient OpenSuse Linux system 

using Amber03 force field by GROMACS. MD simulation assay consists of three stages: 

First, preparation of simulation system. Second, the simulation run and third one the 

results have to be analyzed.  

2.5.1 PDB complex file preparation 

Before MD simulations, the complex was needed to be optimized. AutoDock4 was used 

to check any missing atom and to repair the missing atoms in the complex. 

2.5.2 Topology file generation 

Since the structure of protein complex obtained through molecular docking only contains 

coordinates, there is a need to build the topology, which illustrates the system in terms of 

atom types, charges and bonds etc. This topology is specific to a certain force field. We 

used AMBER03 force field (Duan et al., 2003), which fits the dihedral potentials to new 

structure to construct the topology. The pdb2gmx command was used to build topology 

file for molecules consisting of distinct building blocks (amino acids). The topology file 

is very important as it contains all the force field parameters and the respective hydrogen 

atoms according to the chosen force field. AMBER03 force field and Tip4p water model 

was selected. 

2.5.3 Periodic boundary conditions and salvation 

Before adding the solvent, a general layout (space/box) of the simulation setup had to be 

chosen. Most frequently, simulations are performed under periodic boundary conditions 

(PBC). A single unit cell is defined, which can be stacked in a space filing manner. In this 

way, an infinite periodic system can be simulated by avoiding edge effects due to walls of 

simulation volume.  There are only a few general shapes available to set up PBC. We 

selected the octahedron unit cell. To disallow direct interactions among periodic images, 
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a minimal distance of 1.0 Å was set between protein and wall of cell (the two neighbors 

should not be closer than 2.0 nm). PBCs were set with editconf command. After the unit 

cell setup, solvent was added. There are several solvent models, each of which is more or 

less intimately linked to a force field. Amber03 force field is generally used with Tip4p 

water model.   

2.5.4 Addition of ions: counter charge and concentration 

After solvation, system contains charged proteins. Total charge on the system was 

calculated and system was neutralized by adding counter ions to solution. 

2.5.5 Energy minimization and evaluation 

After neutralization, next step was to minimize the energy of system to 500 steps through 

steepest descent algorithm, by a tolerance of 1000 kJ/molÅ
2
.
  
PBCs were applied in all 

directions. Normally, the system needs to be minimized in order to remove any local 

strains. These strains are result of small errors in the original structure such as Vander 

Walls contacts. Even small differences between GROMACS force field to improve PDB 

structures lead to unrealistically high forces among atoms. By energy minimization (EM), 

clashes can be removed. 

To evaluate the success of EM, two important factors are used. The first one is potential 

energy (indicated at the end of the EM process). The potential energy should be negative 

for an apo protein or protein complex in water. It depends on the system size and the 

number of water molecules. The second important attribute is the maximum force 

(Fmax), the target for which it is defined by minim.mdp- "emtol = 1000.0 (representing a 

target Fmax of no greater than 1000 kJ mol
-1

nm
-1

). 

2.5.6 Equilibration 

Following the minimization step, system was subjected to equilibration for 1000 ps under 

constant temperature (300 K). The pressure was set to 1 ATM in NVT (isothermal-

isochoric, constant number of particles, volume, and temperature) and NPT (isothermal-
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isobaric) ensemble, with a time step of 2 fs for geometric integration with leap frog 

algorithm. 

2.5.7 MD simulation run 

Finally, the system was ready to run simulations. MD runs for 20 ns time scale under 

constant temperature and pressure conditions were performed. Particle Mesh Ewald 

(PME) algorithm (Abraham and Gready, 2011) was used to calculate long range 

electrostatic interactions. 

2.5.8 Analysis of simulations 

Trajectories were analyzed by using tools embedded in GROMACS package. Snapshots 

were collected throughout MD simulations of each system and PDBs were generated for 

1, 5, 10, 11, 15, 18 ns intervals to investigate the time-dependent behavior and stability of 

each system. GROMACS and UCSF Chimera were used to analyze the stability and 

behavior of each system. 
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3. RESULTS 

 

3.1 Modeling of dynein light chains: Tctex1 and Tcte3 

Due to absence of experimentally known structures, a comparative modeling technique 

was utilized to predict 3-dimensional structures of mouse Tcte3 and Tctex1. The 

retrieved amino acid sequences of Tctex1 and Tcte3 were subjected to PSI-BLAST for 

suitable template search. The crystal structure of Drosophila Dynein Light chainTctex1 

(PDB ID: 1YGT) was selected as an appropriate template on the basis of sequence 

identity and query coverage with target sequences (Table 3.1). 

Table 3.1: Template selection for Tctex1 and Tcte3. Template sorted by overall query 

coverage, e-value and identity against target proteins.  

Targets Template  

(PDB ID) 

Query Coverage E-value Identity 

Tctex1 1YGT 100% 4e-55 67% 

Tcte3 1YGT 67% 0.053 20% 

 

The sequence and structural comparison of target proteins with template was observed by 

multiple sequence alignment and structural superimposition (Figure 3.1). The multiple 

sequence alignment between Tctex1, Tcte3 and 1YGT revealed 80-100% conservation. 

Tctex1 and Tcte3 exhibited high structural conservation with Drosophila Dynein Light 

chain Tctex1. The superimposition of template and target proteins was based on their C-

alpha or backbone atoms. The superimposed structures (1YGT-Tctex1 and 1YGT-Tcte3) 

exhibited RMSD values of 0.316Å and 1.167Å, respectively. Energy minimization was 

applied on the predicted models to improve their stereochemistry and to remove the 

energy constraints. The stereochemistry of Tctex1 and Tcte3 significantly was improved. 

The minimization was performed using ff99SB forcefield with AMBER parameters. The 

predicted 3D models for Tctex1 and Tcte3 were validated through different evaluation 

tools.  
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Figure 3.1: Tctex1 and Tcte3 structural overlap with template. (A) Amino acid 

sequence conservation of Tcte3, Tctex1 and Drosophila dynein light chain Tctex1 (PDB 

ID: 1YGT). (B) Superimposition of target (Tcte3: spring green), (Tctex1: hot pink) and 

template (1YGT: yellow) structures. 

3.1.1 Model evaluation 

The 3D structures were validated through geometrical analysis. The analysis included 

rotamer evaluations, ramachandran plots and Cβ deviations. The overall geometry of 

models including residual distribution is represented in Table 3.2. 

 

Table 3.2: Evaluation of predicted 3D structures of Tctex1 and Tcte3. 

Sr. # Protein Geometry  Tctex1 Tcte3 

1 Poor Rotamers 0.00% 0.00% 

2 Favored Rotamers 94.95% 83.33% 

3 Ramachandran Outliers 0.00% 0.98% 

4 Ramachandran Favored 99.10% 84.35% 

5 Cβ deviations >0.25Å 0.94% 8.82% 

6 Bad Bonds 0.00% 0.23% 

7 Bad Angles 0.83% 2.41% 
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The overall model quality was assessed by Z-score. The calculated Z-score value 

measures the energy divergence of structure against energy distribution resulting from 

random conformations. The Z-scores for predicted Tctex1 and Tcte3 models determined 

the separation between native folds and misfold assembly on the basis of standard 

deviation unit assembly. The calculated Z-scores for Tctex1 (-5.28) and Tcte3 (-3.47) 

validated the abilities of knowledge-based potentials. The Z-score was calculated to 

identify the native folds. The 3D predicted models for Tctex1 and Tcte3 were subjected 

to ERRAT protein structure verification server. A 9-residue sliding window used 

quadratic error function to distinguish the pairwise interactions. ERRAT provided overall 

quality factor for both models was greater than 70%. The ERRAT values differentiated 

the correct and incorrect regions of protein structures on the basis of atomic interactions. 

The RAMPAGE gave results in the form of Ramachandran plots. Ramachandran plot 

exhibits the residual and phi (Φ)and psi (Ψ) angle distribution against non-Proline and 

non-Glycine residues. The phi and psi angles were used to assess the distinction of 

favored and unfavored regions. In Ramachandran analysis, 99% and 85% residues of 

Tctex1 and Tcte3 were lying in most favored regions, respectively.  

3.2 Comparative sequence and structural characterization of LC8, Tctex1 and Tcte3 

Dynein light chains (LC8, Tctex1 and Tcte3) were compared at sequence and structure 

level to elucidate the similarities among LC8, Tctex1 and Tcte3 which might be useful to 

deduce functional relevance. The pairwise sequence alignment was used to compare 

primary sequences of dynein light chains (Tctex1, Tcte3 and LC8). The superimposition 

of 3D structures of focused dynein light chain complexes (LC8-Tctex1 and LC8-Tcte3) 

was performed to infer suitable structural and functional conservation of Tctex1, Tcte3 

with LC8. This analysis suggested that LC8-Tctex1 was more conserved than LC8-Tcte3 

at sequence level. However, LC8, Tctex1 and Tcte3 light chains were more conserved at 

structural level than sequence. The LC8-Tctex1 pairwise sequence alignment exhibited 

an alignment score of 15.5%, while superimposition of LC8 and Tctex1 yielded an 

RMSD value of 1.412 Å. In case of LC8-Tcte3 superimposition, the RMSD value 

(0.953Å) was considered more reliable for Tcte3 structural similarity with LC8 than 
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Tctex1. The pairwise sequence alignment of LC8 and Tcte3 revealed an alignment score 

of 13.0%. Tctex1 and Tcte3 exhibited elongated β-sheets as compared to LC8. Dynein 

light chain LC8 consists of two α-helices and four β-sheets named as β1, β2, β3 and β4 

(Figure 3.2). The Tctex1 and Tcte3 followed the same topology as LC8 with differences 

in the number of β-sheets. Hence, structural comparison is a clear approach to deduce the 

functional propensities of light chains. 

 

Figure 3.2: Pairwise sequence alignment and superimposition of three-dimensional 

structures (3D) of LC8, Tctex1 and Tcte3. (A) Pairwise sequence alignment of LC8 

and Tctex1. Conserved residues are shown in light purple shade. Secondary structures 

(Coils, Strands and helices) of LC8 are drawn and labeled in purple color. (B) 

Superimposition of LC8 with Tctex1 is represented in purple and pink color. Secondary 

structures are mentioned in purple color. (AI) Pairwise sequence alignment of LC8 and 

Tcte3. Conserved residues are shown in light purple shade. Secondary structures (Coils, 
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Strands and helices) of LC8 are drawn and labeled in purple color. (BI) The 

superimposition of LC8 with Tcte3 is represented in purple and rosy brown color. 

Secondary structures are labeled in purple. 

3.3 Structural insights of LC8, Tctex1 and Tcte3 dimerization 

The critical regulatory role of LC8 in a variety of systems is due to its capability to 

endorse dimerization of chaotic proteins (Barbar, 2008). The crystallographic and NMR 

studies exposed that Bim, nNOS and Swallow bind to LC8 dimer in the vicinity of 

binding grooves. The past studies revealed binding at dimer interface (Fan et al., 2001; 

Benison et al., 2007). LC8 acts as a dimerization engine in dynein (Makokha et al., 

2002). In the reported LC8-Bim RAT dynein motor complex (PDB ID: 1F95), LC8 dimer 

conformation contains two pairs of α-helices covering in opposite faces, and each pair of 

helices packs against a β-sheet with 5 antiparallel β-strands. Each 5-stranded β-sheet 

exhibits 4 strands from one monomer and a 5th strand from the other monomer. A 13-

residue peptide from nNOS is bound to the dimer in the deep hydrophobic groove as a 

6th antiparallel β-strand (Liang et al., 1999). LC8 exists as a homodimer both in the 

absence and presence of its target proteins. LC8 dimer displays a rectangular symmetry 

due to extensive hydrogen bonds and hydrophobic interactions of both monomers.  

To elucidate the dimer orientation of mouse Tcte3 and Tctex1, their models were 

subjected to docking analysis. The resulted dimers adopted similar orientation as reported 

structures of LC8 (PDB ID : 1F95; Fan et al., 2001) and human LC8-Bim complex (PDB 

ID: 1CMI; Liang et al., 1999). In rat LC8 dimer (1F95), β2-strand of one monomer was 

linked with β2-strand of other monomer through hydrogen bonding. Gly63 and Cys56 

residues of one monomer were involved in hydrogen bonding with Val58 and Tyr65 of 

second monomer (Figure 3.3). The conformational topology of crystallographic structure 

(LC8-Bim) complex exhibited two grooves at opposite sides of dimer interface.  
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Figure 3.3: Dimer of LC8. The docked monomers of LC8 are represented in gray color 

mesh surface. Bim peptides are shown in green color. The residues of one monomer are 

illustrated in yellow and hot pink colors, yellow residues are involved in binding with 

other monomer residues (red) for dimerization and hot pink residues are involved in 

binding with Bim. Residues of other monomer are indicated in red and orange colors. The 

residues of monomer in orange color are represented the interactions with Bim. Hydrogen 

bonds are drawn and labeled in black for LC8-Bim interaction and red color indicated 

LC8-LC8 hydrogen bonding. Secondary structure elements are labeled in black. 

In Tctex1 dimer, the binding groove at dimer interface was similar to LC8 and Tcte3 

(Figure 3.4). The investigation of Tctex1 dimer interface exhibited uniform pattern of 

interaction between both monomers. Consequently, from one monomer Ser107, Ser88 

and Asp86 residues were implicated in hydrogen bonding with His78, Asn73 and Gln71 

residues of the other monomer. Hence, residues of one monomer were located at β-

strands and loop region, which manifested the interactions with residues at β-strand and 
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loop region of other monomer. In case of Tctex1 dimer interaction with Bim some 

conserved residues (Ser81, Ser82, Cys83, Phe84 and Trp85) were observed. 

 

Figure 3.4: Dimerization of Tctex1. The docked monomers of Tctex1 are represented in 

mesh surface representation (hot pink color). Bim peptides are shown in blue color. The 

residues of one monomer are illustrated in yellow and orange colors, which are involved 

in binding with other monomer (yellow) and Bim peptide (orange). Residues of other 

monomer are indicated in spring green and dark green colors. The spring green residues 

of monomer are represented interactions with other monomer residues (yellow) and dark 

green color with Bim residues (blue). Hydrogen bonds are drawn and labeled in black for 

Tctex1-Bim and red color indicates Tctex1 monomers interactions. Secondary structure 

elements are labeled in black color.  

The Tcte3 dimer form exhibited 4 β-sheets (Figure 3.5). β2-strand was converted into 

loop region, which was engaged in dimerization. The residues of one monomer (Asp124, 
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Phe140, Ile142 and Gln152) were involved in hydrogen bonding with second monomer 

residues (Ala157, Arg159, Gln143 and Asp113). In Tcte3 dimer few conserved residues 

(Asn155, Ile156, Ser158, Trp160 and Asp163) were involved in binding with Bim to 

form a ternary complex. 

 

 Figure 3.5: Dimerization of Tcte3. The docked monomers of Tcte3 are represented in 

mesh surface representation (aquamarine color). Bim peptides are shown in blue color. 

The residues of one monomer are illustrated in brown and green colors, which are 

involved in binding with other monomer (brown) and Bim peptide (green). Residues of 

other monomer are indicated in orange and purple colors. The orange residues of 

monomer represent the interactions with other monomer residues (brown) and purple 

residues with Bim (blue). Hydrogen bonds are drawn and labeled in black for Tcte3-Bim 

and red color indicates Tcte3 monomers interactions. Secondary structure elements are 

labeled in black color.  
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3.4 Binding mode of Tctex1 and Tcte3 against apoptotic facilitator 

In current study, our goal is to investigate the binding grooves of Tctex1 and Tcte3. The 

docking analysis of Tctex1 and Tcte3 dimers against pro-apoptotic facilitator (Bim 

peptide) was performed. The analysis was investigated the binding grooves of Tctex1, 

Tcte3 for Bim peptide and homodimerization (Figures 3.6 and 3.7). We mapped binding 

of Bim with dimer form of Tctex1 and Tcte3 to monitor their binding grooves. We 

encapsulated the major interactions between Tctex1, Tcte3 and Bim peptide. The target 

Bim peptide accomplished the formation of antiparallel β-strand to the pre-existing β-

sheets of Tctex1 and Tcte3, resulting in a tetrameric complex (Figure 3.4 and 3.5). These 

results were remarkably firm with the previously known ternary complex of LC8-Bim 

dimer. The analysis revealed that dimerization interface and Bim peptide binding groove 

attain similar topology in dynein light chains. 

 

Figure 3.6: Binding groove of Tctex1. Surface representation of Tctex1 in hot pink 

color. Ribbons are shown in licorice ribbon style. Yellow surface illustrates the binding 
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groove of Tctex1. The conserved residues of  Tctex1 groove for Bim target peptide are 

shown in blue color. Red color representation indicates the groove region which involved 

in Tctex1 homodimerization. Residues are labeled in white color. 

 

Figure 3.7: Binding groove of Tcte3. Tcte3 is shown in surface (aquamarine color) and 

in licorice ribbons form. Yellow dark surface indicates the binding region. Residues are 

shown in violet red color which represents interaction with Bim and residues in red color 

are represented the binding groove for Tcte3 homodimerization. Residues are labeled in 

white color. 

3.5 Comparative binding mode analysis for Tcte3 and Tctex1 

In order to characterize the binding of Bim with Tcte3 and Tctex1, initially, we evaluated 

known apoptotic complex of LC8 and Bim (Rapali et al., 2011) via docking analysis. 

These observations led us in establishing training data set and docking protocol for 

comparative docking analysis of Tctex1 and Tcte3 with apoptotic factor Bim (Figure 



Chapter 3                                                                                           Results                                                                                              

 

Role of Dynein Light Chains Tctex1 and Tcte3 in Apoptosis through In-silico  

Approaches 30 
 

3.8). The findings were ranked on the basis of lowest energy values (Tables 3.3 and 3.4) 

for detailed analysis.  

Table 3.3: Comparative binding analysis of  Tctex1 with Bim. Comparative binding 

energies (B.E) and residues of Tctex1 and Bim obtained by utilization of AutoDock 

(AD), AutoDock Vina (AD Vina), ClusPro (CP) and HADDOCK (HD).  Conserved 

residues are involved in binding mentioned in bold. 

 

 

 

 

Complexes Tctex1 Residues Bim Residues B.E (Kcal/mol) Hydrogen Bonds   

(Å) 

Tctex1-Bim-AD 
Phe12, Val14, Asp15, 

Ser18, Lys22, Ser81, 

Ser82, Cys83, Phe84, 

Trp85, Ser92, 

Cys93, Val95, Arg96 

 

Met1, Ser2, 

Cys3, Asp4, 

Lys5, Thr7, 

Gln8, Thr9 

-3.63 
Lys22: Ser2 

Asp15: Cys3 

Ser92: Asp15 

Trp-85: Gln8 

Cys83: Thr9 

Tctex1-Bim-AD 

Vina 

Phe12, Val14, Asp15, 

Ser18, Lys22, Ser82, 

Cys83, Phe84, 

Trp85, Ser87, Ser92, 

Cys93, Val95, Arg96 

Met1, Ser2, 

Cys3, Asp4, 

Lys5, Thr7, Thr9 

-10.7 
Ser92: Asp4 

Asp15: Cys3 

Ser87: Ser6 

Tctex1-Bim-CP Leu77,  Ser79, Ala80, 

Ser81, Ser82, Cys83, 

Phe84, Trp85, 

Ser87, Ser92, Thr94, 

Phe109 

Ser2, Cys3, 

Asp4, Lys5, 

Ser6, Thr7, 

Gln8, Thr9 

-648.8 
Ser79: Ser2 

Ser81: Asp4 

Ser82: Thr7 

Phe84: Gln8 

Tctex1-Bim-HD 
Val17, Tyr63, Met70, 

Lys72, Gly74, Ala75, 

Gly76, Leu77, Ser79, 

Ser81, Ser82, Trp85, 

Ser87, Thr89, Asp90, 

Gly91, Ser92, Cys93, 

Thr94, Arg96, 

Tyr103, Ile105, 

Thr108, Gly110 

 

Met1, Ser2, 

Cys3, Asp4, 

Lys5, Ser6, 

Thr7, Gln8, Thr9 

-68.5 
Ala75: Met1 

Leu77: Met1 

Ser79: Cys3 

Thr94: Ser6 

Ser81: Lys5 

Ser92: Thr7 

Gly110: Thr9 

Thr89: Thr9 
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Table 3.4: Comparative binding analysis of  Tcte3 with Bim. Comparative binding 

energies (B.E) and residues of  Tcte3 and Bim obtained by utilization of AutoDock (AD), 

AutoDock Vina (AD Vina), ClusPro(CP) and HADDOCK(HD). Conserved residues are 

involved in binding mentioned in bold. 

 

 

 

 

Complexes Tcte3 Residues Bim Residues B.E (Kcal/mol) Hydrogen bonds 

(Å) 

Tcte3-Bim-AD Leu145, Phe146, 

Ile154, Asn155, 

Ile156, Ser158, 

Trp160, Val164, 

Asp167, Asn168, 

Trp169, Tyr189 

Met1, Ser2, Cys3, 

Asp4, Lys5, Ser6, 

Thr7, Gln8, Thr9 

-5.9 
 

Ile156: Ser2 

Trp169: Ser6 

Ile154: Met1  

Asn155: Ser2 

Asp167: Thr7 

Tcte3-Bim-AD 

Vina 

Lys87, Lys88, 

Trp160, Ile161, 

Trp162, Asp163, 

Ala165, Trp166, 

Asp167, Trp169, 

Glu171, Lys173, 

Leu188 

Met1, Ser2, Cys3, 

Lys5, Ser6, Thr7, 

Gln8, Thr9 

-9.9 
 

Trp169: Lys5 

Asp167: Cys3 

Tcte3-Bim-CP Lys87, Leu145, 

Phe146, Ile147, 

Ile154, Asn155, 

Ile156, Ser158, 

Trp160, Ile161, 

Trp162, Asp163, 

Trp166, Asp167, 

Trp169, Leu182, 

Phe186 

Met1, Ser2, Cys3, 

Asp4, Lys5, Ser6, 

Thr7, Gln8, Thr9 

 

-701.5 

 

Asn155: Met1 

Ile156: Cys3 

Ser158: Lys5 

Asp167: Thr9 

Asp163: Thr9 

Tcte3-Bim-HD Lys87, Ile141, 

Ile147, Ala153, 

Asn155, Ile156, 

Trp160, Ile161, 

Trp162, Asp163, 

Trp166, Asp167, 

Asn168, Trp169, 

Lys173, Leu184, 

Leu188 

Met1, Ser2, Cys3, 

Asp4, Lys5, Ser6, 

Thr7, Gln8, Thr9 

-124.4 
 

Trp166: Met1 

Asp163: Ser2 

Asp167: Lys5 

Trp160: Cys3 

Ile156: Ser6 

Asn155: Thr7 

Trp169: Ser6 

Lys87: Gln8 

Lys173: Thr9 
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Figure 3.8: Molecular interaction analysis of Tctex1 and Tcte3 with Bim. (A) 

Interaction analysis of Tctex1 (pink ribbons) and Tcte3 (turquoise ribbons) with Bim 

(cornflower blue). (B) The binding pocket residues of Tctex1 (deep pink) and Tcte3 (dark 

cyan) involved in Bim (cornflower blue ribbons, blue residues) interaction are indicated 

in ball and stick representation. Conserved binding residues of Tcte3 and Tctex1 are 

represented in dark cyan and hot pink, while Bim residues are labeled in blue color. 

The detailed binding residues of individual apoptotic factor (Bim) with Tctex1 and Tcte3 

were depicted in Tables 3.4 and 3.5. LC8 conserved residues (Thr70, Glu69, Val66, 

His68, Ser64, Phe62 and Tyr77) lie at β2-L4-β3 region are involved in interactions with 

Bim (Fan et al., 2001). In case of Tcte3 and Tctex1, binding of Bim peptide was detected 

at the similar regions in Tcte3 and Tctex1. Tctex1 specific Ser81, Ser-82, Cys-83, Phe-

84, Trp-85, Ser-92, Arg-96 and Ser87 residues were involved in binding with Bim 

(Figure 3.8A), while binding region of Tcte3 was comprised of Asn155, Ile156, Trp160, 

Asp167, Trp169, Lys87, Ile161, Trp162, Asp163 and Trp166 residues (Figure 3.8B). 
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3.6 Molecular dynamics simulation analysis 

Elucidation of conformational changes, stability and dynamic behavior of respective 

protein complexes (Tcte3-Bim and Tctex1-Bim) were observed by MD simulation 

assays. Consequent trajectories were meticulously analyzed to estimate constancy, 

junctions, vigorous, functional and structural characteristics while running simulations.  

3.6.1 Root mean square deviation analysis of  Tctex1 and Tcte3 

Time succession of root mean square deviation (RMSD), root mean square fluctuation 

(RMSF) were evaluated to predict the stability and fluctuations of C-alpha atoms in 

bound and Apo forms. The overall stability of each complex was deliberated by 

calculating the RMSD profile (Figures 3.9 and 3.10).  RMSD for each complex was 

intended by means of apo-form as a reference. The average RMSD values of respective 

protein complexes Tcte3-Bim with apo-Tcte3 (1.114 Å) (Figure 3.9A) and Tctex1-Bim 

with apo-Tctex1 (1.20 Å) (Figure 3.10A) represented a stable environment of systems.  

3.6.2 Root mean square fluctuation analysis of Tctex1 

RMSF values calculate the degree of residual fluctuations, which were reprsented by 

peak altitude in graphs (Figures 3.9B and 3.10B). In Tctex1-Bim complex, major 

fluctuations were present in residues namely Gln35 (0.1728 Å), His36 (0.1848 Å), Lys72 

- His78 (0.1824-0.3403 Å) and Thr101 (0.1626 Å) (Figure 3.9B). These fluctuations were 

located in the loop regions except His-36 that fluctuated in α1 (Figure 3.9B). However, 

interacting residues involved in binding with Bim peptide (Lys62, Ile64, Thr66, Val68, 

Ile69, Met70, Gln71, Leu77, Ser79, Ala80, Ser81, Ser82, Cys83, Phe84, Ile105, Ser107, 

Phe109 and Leu111) were stable except Leu-77. The Leu77 was fluctuated in loop4 

region and it was considered as less stable. Tctex1 conserved residues (Ser81, Ser82, 

Cys83, Phe84, Trp85, Ser92, Cys93, and Arg96) involved in interaction with Bim located 

in the vicinity of binding region were observed more stable. 
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Figure 3.9: RMSF and RMSD plots of MD simulations for Tctex1. RMSF and RMSD 

plots are shown to examine fluctuation and stability of apo and bound-states of Tctex1. 

(A) Apo-Tctex1 and bound Tctex1 with Bim (Tctex1-Bim) are illustrated in blue and 

cyan colors, respectively. RMSD plot calculations are based on least square fitting of Cα-

atoms. (B) RMSF plot showed fluctuations in comparison to apo-Tctex1.Secondary 

structure is demonstrated on the top. Arrows indicate β-strands, cylindrical shapes 
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describe α-helices and lines represent loop regions. Most fluctuated residues are labeled 

in black. 

 

Figure 3.10: RMSD and RMSF plots of MD simulations for Tcte3. RMSD and RMSF 

plots  (20ns) to scrutinize fluctuation and stability of apo and bound-states of Tcte3. (A) 

Apo-Tcte3 and bound Tcte3 with Bim (Tcte3-Bim) are illustrated in purple and magenta 

colors, respectively. RMSD plot calculations are based on least square fitting of C-alpha 

atoms. (B) RMSF plot showed fluctuations in comparison to apo-Tcte3 (magenta) and 
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Tcte3-Bim (purple). Secondary structure is demonstrated on the top. Arrows indicate β-

strands, cylindrical shapes describe α-helices and lines represent loop regions. Most 

fluctuated residues are labeled in black. 

3.6.3 Root mean square fluctuation analysis of Tcte3 

In Tcte3-Bim complex, key fluctuations were pragmatic in Asp-108 (0.3071 Å), Gln152-

Ile154 (0.5428-0.5406 Å), Asp167 (0.3076 Å) and Ser178 (0.2624 Å) residues (Figure 

3.8B). The Tcte3 residues (Lys87, Leu145, Phe146, Ile147, Ile154, Asn155, Ile156, 

Ser158, Trp160, Ile161, Trp162, Asp163, Trp166, Asp167, Trp169, Leu182 and Phe186) 

were involved in Bim interaction revealed lesser fluctuations. These lesser fluctuations 

manifested more stability with a marked task in interaction. All conserved residues of 

Tcte3 (Leu87, Asn155, Ile156, Trp160 and Trp169) involved in interaction with Bim 

were stable, except Asp167 (0.3076Å). RMSF plot for Tcte3 indicated residual 

fluctuations in the loop regions, while comparatively no fluctuation was observed in the 

β-sheets and α-helical regions of Tcte3. Major fluctuations were observed in the loop 

regions of Tcte3 and Tctex1 (Figures 3.9 and 3.10). 

 

Figure 3.11: Secondary structuture analysis of Tctex1. It is focusing on 

conformational changes of apo-Tctex1 and Tctex1-Bim. (A) Apo-Tctex1 and (B) bound 
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Tctex1 with Bim illustrated the changes in secondary structures at 5 and 18ns. At 18ns, 

shrinkedα-helix of Tctex1 is observed. Extension of  β-sheetin bound Tctex1 is also 

visible as compared to apo-Tctex1 (5ns). Secondary structures, α-helices, β-sheets and 

coils are represented in cyan, blue and light blue colors. Secondary structures are labeled 

in black color. 

 

Figure 3.12: Conformational analysis of apo-Tcte3 and bound Tcte3-Bim. (A) Apo-

Tcte3 at 1ns and (B) Tcte3-Bim at 18ns, bound state of Tcte3 with Bim (green) 

represented secondary structural changes against apo-Tcte3. β-sheets (magenta), α-

helices (purple), loops (plum) and lables of secondary structure in black color. 

3.6.4 Conformational Changes in Tctex1 and Tcte3 

In comparative structural analysis between apo-Tctex1 and Tctex1-Bim at 18ns, major 

conformational changes were considered as extension of apo-Tctex1 loop2 region 

(Gly30- Gln-35) to three residues (Gly30-Lys38) (Figure 3.11). The α2 region (His36- 

Leu54) of apo-Tcte3 shifted to residual range (Val39- Lys56) in Tctex1-Bim. In case of 

Tcte3-Bim complex, main changes were following: apo-Tcte3 loop1 region (Leu86-

Ala91) extended to Leu86-Thr96. The α1 (His92-Ser105) in apo-Tcte3 drifted towards 

the α1 (Lys97-Asp108) with respect to Tcte3-Bim complex (Figure 3.12). Loop2 
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(Val109- Lys110) was shrinked with respect to apo-Tcte3 loop2 (Leu106- Lys114). The 

α2 (Ala115- Glu132) in free state of Tcte3 shifted by 4 residues with reference to Tcte3-

Bim α2 (Tyr111-Val130). β1 (Lys139-Val144) was shifted to Phe140-Gln148 as 

compared to apo-Tcte3. 
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4. DISCUSSION 

Cell apoptosis is a complicated process which is influenced by various biochemical 

factors such as hormone level and pathway-specific apoptotic factors (Chausiaux et al., 

2008; Ruwanpura et al., 2008). Cell death plays an essential function in multicellular 

organisms throughout their early development in sculpting the body organs by scheming 

cell homeostasis (Saikummar et al., 1999). Apoptosis protects the organism by 

eliminating the cells injured by disease, infection, genetic mutation, aging and exposure 

to toxic agents (Wyllie et al., 1980). Apoptosis has been recognized as a main feature that 

contributes to male infertility as it is necessary for usual spermatogenesis in mammals. A 

sufficient amount of germ cells is removed through apoptosis to maintain a particular 

germ cell population (Vaithinathan et al., 2012).  

Tctex1 (Tctex1 domain containing 1) and Tctex2/Tcte3 (t-complex-associated testis 

expressed 3) are germ cell-specific proteins that are expressed in testis and sperm. These 

proteins play an important role in male germ cell development (Ha et al.,1991; Huw et 

al., 1995; Harrison et al., 1998). Tcte3 and Tctex1 proteins exhibit high structural 

similarity to LC8 (PDB ID: 1F95). The LC8 monomer subunit comprises a small N-

terminal strand followed by two helices (α1, α2). These helices are jam-packed against a 

5-stranded β-sheet formed by one N-terminal strand and 4 other strands, one of which is 

consequent from the neighboring monomer. Two well-organized monomers form a 

symmetrical dimer (Kausar et al.,2013). We observed that Tctex1, Tcte3 and LC8 are 

structurally more conserved than at sequential level. Tctex1 and Tcte3 have the same 

structural topology as LC8 except the differences in β-sheets. The Tctex1 and Tcte3 β-

sheets were more extended than that of LC8 β-sheets. Possibly, Tctex1 and Tcte3 may 

exist in dimer form in a similar way to that of LC8.The two LC8 monomers form a dimer 

through interactions between β2-strands of both monomers (Fan et al., 2001). We 

elucidated the dimer formation of Tctex1 and Tcte3 by docking analysis. In both cases, 

the orientation was similar to  LC8 dimer. It was demonstrated that homodimerization of 

all three dynein light chains (LC8, Tctex1 and Tcte3) resulted the two binding grooves at 

dimer interface where ligands can accommodate, while overall topology of homodimers 

was preserved in all three proteins. We scrutinized the dimerization interface by the 
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association of Bim (BH3-only protein) peptide at the binding  groove. LC8 interacts with 

multiple viral and cellular proteins through its small consensus motif (K/R)XTQT. In 

LC8 targeted proteins, presence of two conserved consensus sequence motifs 

(K/R)XTQT and G(I/V)QV(D/E) is evident (Jaffrey and Snyder, 1996; Rodriguez-Crespo 

et al.,  2001;  Lo et al.,  2001).  

Tcte3 and Tctex1 are known to interact with LC8 and its target proteins (Lo et al., 2001; 

Mok et al., 2001; Williams et al., 2005). Among them, a pro-apoptotic protein Bim has 

been reported to interact with LC8 that contains only 9 residues (MSCDKSTQT) 

(Puthalakath et al., 1999; Fan et al., 2001). LC8 binding groove for Bim involves β2-L4-

β3 region. The Bim binding groove is generated between the two monomers by 

incorporating β1, β3 and mainly loop region which is evolved from β2-strand of LC8. 

Due to high structural similarity in Tctex1, Tcte3 and LC8, it was observed that through 

dimerization,Tctex1 and Tcte3 formed a similar groove to that of LC8 for binding to 

Bim. Predominantly, hydrophobic residues of loop and β-strand regions were involved in 

the formation of hydrophobic surface for Bim binding. We also performed molecular 

dynamics of apo-Tctex1, apo-Tcte3 and their complexes with Bim. The analysis 

indicated an overall stable binding profile for all systems which suggested that 

interactions of Tctex1 and Tcte3 with Bim were present in the vicinity of binding 

grooves.  

Recent studies argue the role of Dynein light chains (DLCs) in apoptotic induction by 

linking the compartmentalization of pro-apoptotic cargoes (Puthalakath et al.,2004; 

Izidoro-Toledo et al., 2013). It is a well-known fact that sequestering of Bcl-2 family 

proapoptotic protein Bim to microtubule-associated dynein motor complex is mediated 

by LC8 (Puthalakath et al., 1999). Upon apoptotic stimuli, LC8 binding with dynein 

motor complex is disrupted and free LC8 interacts with Bim to neutralize the anti-

apoptotic activity of Bcl-2.  

Under normal conditions, LC8-Bim complex sequesters Bim to the microtubule-

associated dynein complex. Upon apoptotic stimulation, LC8-Bim complex is released 

from the microtubule resulting in the dissociation of Bim that is free to neutralize the 
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anti-apoptotic activity of Bcl-2 by forming a Bim/Bcl-2 heterodimer (Puthalakath et 

al.,1999). It has been demonstrated that MEFs (mouse embryonic fibroblasts) lacking 

Bim/Bmf or Bax/Bak complexes are less susceptible to cell death than wild-type MEFs, 

suggesting the requirement of pro-apoptotic proteins as mediators of intrinsic apoptotic 

pathway in the absence of caspases (Gavathiotis et al., 2008). Tctex1 and Tcte3 may 

transduce apoptotic signals to mitochondria by interacting with Bim in a similar manner 

to that of LC8 (Luo et al., 2013). Phosphorylation of Bim by Pak1 (p21-activated kinase-

1) may result in their dissociation from Tctex1 family (Tctex1 and Tcte3)and subsequent 

degradation by ubiquitin-proteasome. In the absence of free Bim, MAPK8/JNK 

(Mitogen-Activated protein kinase-8/c-Jun N-terminal kinase) is unable to phosphorylate 

and inhibit downstream signaling events to neutralize the anti-apoptotic Bcl-2 protein in 

mitochondria thus promoting cell survival. In response to apoptotic stimuli, Bim 

dissociates from Tctex1 family and free apoptotic proteins are phosphorylated by 

JNK/MAPK8. Through phosphorylation, stable Bim translocates to the mitochondria and 

activates other apoptotic facilitators like Bax, Bad and Bak to neutralize the effect of anti-

apoptotic proteins like Bcl-2 and promote release of cytochrome-c thereby triggering the 

apoptosis via mitochondria-mediated pathway. 

Conclusively, our detailed analysis investigated the sequence and structural similarities 

with LC8. We analyzed homodimerization of Tctex1 and Tcte3 by identifying binding 

grooves that might play an important role in interaction with Bim pro-apoptotic 

facilitator. We proposed common binding partner Bim for Tctex1 and Tcte3 which is 

involved in apoptosis by exploring similar mode of interaction to LC8. Our in-silico 

analysis explored the role of Tctex1 and Tcte3 in apoptosis on the basis of structural 

similarity and functional relevance with LC8.  

In future, we aim to perform further computational approaches to investigate binding of 

dynein light chains Tctex1 and Tcte3 with Bim and dynein intermediate chains to explore 

the role of whole dynein complex In apoptotic pathway. 
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