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Abstract

Thermal stability of protein means to be resistant to changes in protein structure
due to applied heat. in this thesis, our interest has been to study, those proteins
and their mutants, having indistinguishable ordered crystallographic structures,
but exhibiting large changes in functions mostly in thermostability. Here in our
analysis we take five different wild type proteins and their thermostable mutants
and we analyse residue specific network parameters of each one using Residue
Interaction Network(RIN) to know role of such parameters in determining it's
thermostability thereafter we have done Atomistic Molecular Dynamics
Simulation study of three selected proteins to know RMSD, Radius of gyration
and Hydrogen-Bond analysis which are factors that can give us comparative
measure to know how small changes in protein can affect its function majorly its

melting temperature.
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Chapter 1

Introduction

1.1. What is protein thermal stability

Proteins are large macromolecules, consisting of one or more long chains of amino

acid residues. Proteins differ from one another primarily in their sequence of amino acids,
which is governed by the nucleotide sequence of their genes, and which usually results in
protein folding into a specific quaternary structure that determines its activity. Thermal stability
of protein means to be resistant to changes in protein structure due to applied heat. most life
forms in the earth survive at temperature less than 50° C, Within these organisms are
macromolecules (proteins and nucleic acids) which form the three-dimensional structures
essential to their enzymatic activity.' certain thermophilic organism can withstand temperature
above 50°C and have corresponding adaptations to preserve protein function at these
tempera‘[ures2
in this thesis, our interest has been to study, those proteins and their mutants, having
indistinguishable ordered crystallographic structures, but exhibiting large changes in functions
mostly in thermostability.
There are several cases that are coming to light, where significant changes in function have
been observed in some proteins due to mutations, which have negligible changes in the overall
structures.’in the present work we have attempted to utilize this approach to study small
conformational changes occurring in the protein due to mutations, by analysing the contact
patterns and their positional information in all the mutants and the wild type(WT), with respect
to their structural stability and functionality at higher temperatures of different proteins
occurring in different organisms. earlier studies on thermostability have invoked the role of
many structural factors that arise due to mutations and contribute to structural rigidity, such as
higher number of hydrogen-bonds and salt-bridges, secondary structure stabilization,
disulphide linkages, higher polar surface area, more number of Proline

residues, shortening and stabilization of loops, etc* ™.



1.2. Protein Contact Network or Residue Interaction Network

The three-dimensional crystallographic structure of the protein can be represented
using a network description — the “Protein Contact Networks” (PCNs) also known as Residue
Interaction Network(RIN) — whose nodes are the amino acids (residues) and the chemical
interactions between closely held residues are the links. Such complex network based
approaches have been used for studying the structure and function of proteins.' RINs decrease
the visual complexity of 3D protein structures and allow the user to focus on individual residues
and their molecular interactions.” along with RIN analysis here we have used atomistic
Molecular Dynamics Simulation(MDS) approach to know more about thermostability of
mutants compared to wild type protein using RMSD Vs Time plot of mutants and wild type.
RINSs can be applied to study residue interactions in a number of relevant application scenarios,
for instance, with regard to protein dynamics and engineering, structure—function relationships,

protein and ligand binding, and the impact of amino acid substitutions.”

Usually, while studying the effect of point mutations on protein functions, only the areas which
are in the vicinity of mutation are analysed in detail. However, studies have shown that small
conformational changes occurring in one region of the protein can have an effect in a region
quite far from the point of perturbation without affecting the functionality'®.

Analysis of residue-specific network parameters offers several important clues towards the
residues that may have a role to play in governing structural stability under thermal stress in
the mutant proteins’.

One important feature that is revealed through this analysis is that most changes in network
parameters occur at the residues that are not part of the active site of the proteins, indicating
the specific role of allosteric sites in these thermostable proteins whose overall conformations
do not change due to the mutations’.

Here in our analysis we take five different wild type proteins and their thermostable mutants
and we analyse residue specific network parameters of each one to know role of such
parameters in determining it's thermostability.

Generally, the global network parameters remain same in wild type and its mutant proteins
To know small conformational changes at the site of mutation, the variation in local, residue-

specific network parameters were studied in all selected proteins. We show the detailed



analysis of the small conformational changes, occurring through-out the proteins, by analysing
the local network parameters, positional information, contact patterns, and the changes in the
community membership, with respect to their structural stability and functionality at higher
temperatures. After that we have done MD simulation of four proteins including wild types
and mutants to show differences in the RMSD value, radius of gyration and hydrogen bonds
(both intramolecular and intermolecular) values which were comparative parameters to know

more about thermostability.

Fig-1.1) overall workflow on Amino Acid Network or Residue Interactions Network
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Chapter 2

Methods and computational details

2.1. System studied

In thesis, I have taken proteins from various organisms covering prokaryotic,
eukaryotic also consisting of viral protein. All studied proteins are listed below with pdb id,

organisms I which they are found, structure resolutions and by what method structure is

obtained.

Table-2.1.1) System studied

Protein PDB id Organism/mutations | Resolution Structure
obtained with

1.Yeast Saccharomyces

cytosine cerevisiae

deaminase
a)IP6O(WT) 1.14 A XRD
b)1YSD A23L/1140L 1.9A XRD
c)1YSB A23L/V108I/I140L | 1.7 A XRD

2.Adenylate Bacillus subtilis

kinase
a)1P3J(WT) 1.9A XRD
b)20SB Q16L/Q199R 1.8 A XRD
¢)2QAJ Q199R/G213E 1.8 A XRD

3.3- Thermus

Isoproylmalate thermophilus

dehydrogenase
a)I1 XAA(WT) 2.1 A XRD
b)1G2U Al172V 2.1 A XRD
c)1GC8 A172F 25A XRD




d)1GC9 Al172G 23A XRD
4.T4 lysozyme Enterobacteria
phage T4
a)4S0W 2.12 A XRD
b)ITLA S117F 20A XRD
c)20E4 High pressure | 2.1 A XRD
pseudo wild type
5.GH10 Bacillus sp. NG-27
xylanase
a)4QCE 232A XRD
b)4QDM VIL 1.96 A XRD
¢)4QCF VIA 226 A XRD

2.2. Construction of Protein Contact Network

The crystallographic coordinates of all proteins are retracted from Protein Data
Bank(PDB)''. PCN were controlled by using c-alpha atom in each residue in protein as a node
and interaction within spatial proximity between any two residues as a link or edge. Here we
use a coarse-grained approach’ to construct the network by considering the spatial positions
of only the protein backbone atoms (i.e. C-a atoms) of each residue. A pair-wise Euclidean
distance matrix is computed between the C- a atoms of all residues. The distance matrix is
converted into an Adjacency matrix, A using the following rule
Aij=1; if D;<=5 A; else; Aj=0
where, Dj; is the Euclidian distance between C-a atoms of the i and j™ residues.For the RIN

generation we use Cytoscape.'® an established open-source software platform for the analysis
and visualization of biological networks where RINalyser plugin is used for biological network
generation. In General, this platform can be extended by plugins for any specific work. For
instance, the Cytoscape plugin structureViz supports the structural analysis of protein—protein
interaction networks. Like structureViz , RINalyser links cytoscape with UCSF Chimera'* for
3D protein structure visualization also, Cluster Maker is another plugin available for cytoscape
to find network modules and clusters.Our dataset from PDB comprising of five different wild

type proteins and their thermostable mutants which are shown in listed tables for each protein.



Here all mutations were obtained in a manner that the previous mutation is not disturbed when

there is incorporation of new mutation.

2.3. Network parameters

Brief introduction to network parameters discussed in thesis are given below
Network Density-Network Density is a measure of the proportion of possible binds which are
among the members of a network .
Degree-The degree of node (i) in a network is the total number of edges pass through node(i)
due to other nodes. greater the degree suggest residue is more interacting with other residues
in protein.
Betweenness Centrality (B.C.) - B.C. of a node is number of shortest paths pass through that
node. which measures the extent to which a vertex lies on paths between other vertices. B.C.
is related to a networks connectivity so much as high betweenness vertices have the potential
to disconnect graph if removed.'®
It is relative quantity, betweenness centrality is directly proportional to the average rate at
which traffic passes through any particular vertex. Higher betweenness centrality of a node
means it has more control over the flow of information.
Clustering Coefficient (C.C.)-The clustering coefficient measures the average probability that
two neighbours of a vertex are themselves neighbours.it also some time refer as density of
triangles in a network. One can define coefficients similar to clustering coefficient to measure
the density of different motifs.
Local Clustering Coefficient-Local clustering coefficient for a vertex is fraction of pairs of
neighbours of vertex i that are themselves neighbours. we find that of average vertices of higher

degree tend to have lower local clustering coefficients.
2.4. RIN of wild type protein and its mutants

All figures regarding RIN are on the appendix page. colour coding done there was
according to community colour i.e. network graph and 3D structure coloured according to Glay

cluster mapping.



2.5. Community Structure Analysis

To divide many network nodes into groups we have to find communities and modules
in the network such that there is higher density of edges within the group than between them.
Community structure analysis was performed for all the six Proteins using the Glay clustering
in ClusterMaker plugin available for cytoscape which uses fast greedy algorithm.'’

GLay clusters of wild type and mutant protein helps to comparatively analyse position of
mutated residue. i.e. after single point mutation residue can change its previous cluster and

goes to more compact clusters.
2.6. Atomistic Molecular Dynamics Simulation-

All MD simulation were carried out using GROMACS version 2019.3."® in conjunction
with all-atom OPLS force field"®. The starting structures of 4 WT and its 2 thermostable mutants
each were taken from the PDB entries 1P60O(WT), 1YSD, 1YSB, 1P3J(WT), 20SB, 2QAJ,
4SOW(WT), ITLA, 20E4, 4QCE(WT), 4QDM, 4QCF .after adding the hydrogens, the protein
structure were solvated with SPC water molecules in a cubic solvent box with a minimal
distance between protein surface and box of 1.0 nm. All the crystallographic/structural water
were removed. All the systems were minimized using the steepest descent algorithm until it
converged to a force tolerance of 1000 KJ mol” nm™ .After minimization each system was
equilibrated to desired temperature through a stepwise heating protocol in the NVT ensemble
using velocity-rescale thermostat followed by 100ps equilibration in the NPT ensemble using
parinello-rahman barostat with position restrains on the protein molecule finally a production
simulation was performed for each system at melting temperature of wild type for 10ns under
periodic boundary condition(PBC) without any restraints on the protein. Nonbonded
interactions were calculated using the particle-mesh Ewald method®® with cut-off of 1.0 nm.
The LINCS algorithm®' was used to constrain all bonds including hydrogen atoms during

simulation.



2.7. Parameters of MD Simulation trajectories-

Analysis such as root-mean-square deviation(RMSD), radius of gyration, hydrogen
bonds were performed using the tools within the GROMACS simulation package. For
hydrogen bond calculations, a donor-acceptor cut-off distance of 0.35nm and acceptor-donor-
hydrogen bond angle cut-off of 30° were considered””. The visual analysis of structures and
preparation of figures was carried out using Pymol, VMD?*, Xmgrace™".

Root-mean-square Deviation of atomic positions(RMSD)-RMSD is the measure of the average
distance between the backbone atoms of superimposed protein. Lower RMSD value suggest
that protein structure is stable i.e. smaller the deviations more stable the structure™.

Radius of gyration(Ry)-radius of gyration of protein is used for measuring compactness of
protein, if a protein is stably folded it will maintain stable value of R, .

Hydrogen-Bond Analysis —in thesis we have calculated hydrogen-bonds formed intra-peptide

and peptide-water throughout the simulation time which is 10000ps which is equal to 10ns.



Chapter-3

Results

3.1. RIN and MDS data of Yeast cytosine deaminase(yCD) (PDB 1d-1P60O)

Classification: HYDROLASE; Residue count-161
Organism(s): Saccharomyces cerevisiae (strain ATCC 204508 / S288c)

It is protein present in the nucleus of saccharomyces cerevisiae for the function of converting
cytosine to uracil or 5-methylcytosine to thymine by deaminating carbon 4 of cytosine.*® yCD
was chosen in the thesis because its high-resolution crystal structure is available, its catalytic
mechanism is well studied, and it has potential use in antitumor suicide gene applications®’
%% In the study performed by authors they have used computational redesign of series of point
mutations in the enzyme core which leads to thermostabilization of enzyme without losing
functionality’'.Using Site Directed Mutagenesis they made double mutant (PDB id-1YSD)
consisting of A23L & [140L mutations and Triple mutant (PDB id-1YSB) consisting of A23L,
[140L & V1081 mutations. The isolated single mutations A23L, [140L, and V1081 each slightly
thermostabilized the enzyme by ~2°C in the Ty,”'. However, simultaneous incorporation of all
three mutations increased 7, 10°C higher than that of the wild type. Here we see that the effects
of mutation were synergistic that means Ty, is increased compared to their individual effects.
PCN Analysis of yCD-

Increase in total number of edges in mutants PCN’s can change Network Parameters. The four
network parameters studied for all PCN’s are Degree, Betweenness centrality, Shortest Path
Length and clustering coefficients.

For Global-scale the average network parameters were computed for each PCN, the ranges of
such parameter value for 3PCN’s are-

Values here are wild type and most thermostable mutant structure.

1.Network density- 0.050-0.047

2.Betweenness Centrality- 0.0175-0.0180

3.Clustering Coefficient- 0.452-0.431

4.Shortest Path Length- 3.831-3.877

The very low variation in average network parameters in all PCN’s shows low cross-structural

RMSD of Proteins thereby having same 3-D structures.



For Finding any Local Changes in Network parameters were computed at individual node level
for all 3 PCN’s. Then we have done the comparative analysis of residue specific network

parameters which was presented in tabulated manner.

Table-3.1.1) residue specific network parameters of yCD
colour code-Red for helix, Blue for sheet, yellow for loop

in g-lay cluster analysis numbers inside the bracket represents the total number of residues in the cluster

1P60(wt)  ALA23 0.009 03 4(43)
2 1YSD LEU23 16 0.0099 0.5 1(50)
3 1YSB LEU23 16 0.0078 0.5 3(48)
1 1P60(wt) VAL108 21 0.059 0.2545  4(43)
2 1YSB ILE108 23 0.1043 0.2527  2(28)
1 1P60(wt) ILE140 16 0.014 0.4 3(40)
2 1YSD LEU140 15 0.02  0.3333  1(50)
3 1YSB LEU140 17 0.03  0.3272  3(48)

Here we see that average betweenness centrality and clustering coefficient of residues increases
with melting temperature.
Then we observe that average betweenness centrality is directly proportional to melting

temperature of protein. means it has more contribution than other residue specific parameters.

Fig-3.1.1) temperature(y-axis) vs average betweenness centrality(x-axis) graph
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community cluster analysis of yCD-

Fig-3.1.2) community cluster analysis of yCD

a)1P60 (wild type) has formed 7 clusters.

Twm=52°C
b)1YSD (double mutant) has formed 6 clusters.

Tuw= 58°C
¢)1YSB (triple mutant) has formed 6 clusters.

Tm= 62°C
In G-lay cluster maker wild type, double mutant, triple mutant formed 7,7,6 communities
respectively but in case of thermostable mutant proteins there is 3-4 larger communities
(having residue count greater than 20) formed so it inferred that compactness of communities

played major role in thermostabilization.



Molecular Dynamics Simulation analysis-
Fig-3.1.3) RMSD vs Time plot of yCD (Black-1P60, Green-1YSD, Red-1YSB)
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The RMSD simulation of 10ns at 300K showed that double and triple mutant showed stability
in graph after 8ns but wild type showed slightly fluctuating behaviour after 8ns.

Fig-3.1.4) Radius of gyration vs time plot of yCD (Black-1P60, Green-1YSD, Red-1YSB)
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Fig-3.1.9)1YSB(triple mutant) Fig-3.1.10)1YSB(triple mutant)

1ysb Hydrogen bond
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In H-B analysis there is increasing trend in intra-peptide hydrogen bonds and decreasing trend

in peptide-water hydrogen bonds in thermostable mutant protein compared to wild type protein.

3.2.RIN and MDS data of Adenylate kinase(ADK) (PDB 1d-1P3J)

Classification: TRANSFERASE. Residue Count-217
Organism(s): Bacillus subtilis (strain 168)

ADK is phosphotransferase enzyme that catalyses the interconversion of adenine nucleotides
namely AMP, ADP and ATP. ADK is important for cellular level homeostasis.

Wild type of ADK is 1P3J,Authors have generated total 5 different thermostable mutants but
only 2 of them have better crystallographic data in the RCSB PDB Which was
20SB(QI16L/Q199R) and 2QAJ(Q199R/G213E) Q199R mutation was necessary for defining
the structural contexts that facilitated subsequent mutations®>.G213 decreases protein stability
but when incorporated with Q199R it shows increase in stability by 3.4°C which demonstrates
that order of mutations plays important role for favouring particular molecular pathway’~.
PCN Analysis of ADK-

For Global-scale the average network parameters were computed for each PCN, The ranges of
such parameter value for 3PCN’s are-

Values here are of wild type and most thermostable mutant structure.

1.Network density- 0.033-0.033

2.Betweenness Centrality-0.020-0.018



3.Clustering Coefficient-0.412-0.428

4.Shortest Path Length-4.567-4.535

here also we saw less variation in global parameters so local changes in network parameters
were computed at individual node level.

here we have done the comparative analysis of residue specific network parameters which was

presented in tabulated manner.

Table-3.2.1) residue specific network parameters of ADK
colour code-Red for helix, Blue for sheet, yellow for loop

in g-lay cluster analysis numbers inside the bracket represents the total number of residues in the cluster

el e P

1P3J(wt) GLN16 0.048 0.32 3(63)
2 2058 LEU16 17 0.069 0.33 2(66)
1 1P3J(wt) GLN199 6 0.002 0.33 4(9)
2 205B  ARG199 14 0.003 0.43 2(66)
3 2QA ARG199 11 0.002 0.6 3(65)
1 1P3J(wt) GLY213 7 0.0001 0.66 3(63)
2 20A) GLU213 14 0.0369 0.30 3(65)

In ADK there is linear correlation between melting temperature and average betweenness
centrality.

Fig-3.2.1) temperature(y-axis) vs average betweenness centrality(x-axis) graph
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community cluster analysis of ADK-

Fig-3.2.2) community cluster analysis of ADK.

a)1P3J(wt) has 5 clusters.
Tw=48.4°C

b)20SB has 4 compact structures.
Tm= 63.3°C

¢)2QAJ has 4 compact structures.
Tw=51.4°C

Here also compactness of communities plays crucial role in the thermostabilization.



Molecular Dynamics Simulation analysis-

Fig-3.2.3) RMSD vs Time plot of ADK (Black-1P3J, Green-20SB, Red-2QAJ)

RMSD
Backbone after Isq fit to Backbone
0-5 T T | T | T T
04—
E 03+ J\l \’h ‘ "M ‘ “1
9) - Y Iy \w’,.‘ﬂ] it \m. 140l
202l i m!‘W’ J J\Jm"]\\lﬂ\"”f'\" (" i ‘J\f k L’@' i _
. wlf ﬁ m‘u"‘{"(ﬁh\ | W \n !
oy '
O.IFJL -
), 1 | 1 | | 1 ‘ 1
0 2 4 6 8 10

Time (ns)

The RMSD simulation of 10ns at 320K showed that mutant structure maintained overall
stability throughout simulation while wild type displayed more fluctuations.
Striking result of 20SB(Green) showed that RMSD shows very less fluctuation compared to

both of the structures.

Fig-3.2.4) Radius of gyration vs time plot of ADK (Black-1P3J, Green-20SB, Red-2QAJ)
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Fig-3.2.9)20SB Fig-3.2.10)20SB

——— 2o0sb Hydrogen bond

2osb Hydrogen bond

In H-B analysis there is increasing trend in intra-peptide hydrogen bonds and decreasing trend
in peptide-water hydrogen bonds in thermostable mutant proteins compared to wild type

protein.

3.3. RIN data of 3-Isopropylmalate dehydrogenase(31D)(PDB ID-1XAA)

Classification: OXIDOREDUCTASE. Residue count-345
Organism(s): Thermus thermophilus (strain HB8 / ATCC 27634 / DSM 579)

3ID is enzyme in leucine biosynthetic pathway that catalyses dehydrogenation and
decarboxylation of 3-isopropyl malate.

Here authors have done site directed mutation of single alanine residue located at domain
interface of 172 position by valine(1G2U), glycine(1GC9) (short residue) shows very little
increase or decrease in thermal stability but in one case they have changed by phenylalanine
(1GC8)(long residue) and it shows increase in thermal stability>.

PCN analysis of 3ID-

For Global-scale the average network parameters were computed for each PCN, the ranges of
such parameter value for 3PCN’s are-

Values here are of wild type and most thermostable mutant structure.

1.Network density- 0.023-0.021

2.Betweenness Centrality- 0.010-0.012

3.Clustering Coefficient- 0.450-0.426

4.Shortest Path Length- 5.428-5.559



Table-3.3.1) residue specific network parameters of 31D
colour code-Red for helix, Blue for sheet, yellow for loop

in g-lay cluster analysis numbers inside the bracket represents the total number of residues in the cluster

“ N Degre HW.
(c

ALA172 18 0.0147 0.4722 4(40)

2 1G2U  VAL172 18 0.0359 0.3333 3(80)  65.5
3 1GC8  PHE172 19 0.0727 0.3181 2(48)  67.2
4 1GC9  GLY172 10 0.0044 0.4666 4(38)  64.2

In 31D there linear correlation of average betweenness centrality and melting temperature.

Fig-3.3.1) temperature(y-axis) vs average betweenness centrality(x-axis) graph
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community cluster analysis of 3ID-

Fig-3.3.2) community cluster analysis of 3ID

(c) (d)

(b)

a)1XAA(WT) has 8 clusters.

b)1G2U(A172V) has 8 clusters.

¢)1GC8(A172F) has densely packed 5 clusters.

d)1GCI9(A172G) has 9 clusters.

There is enough evidence from community cluster analysis that thermostable proteins are

compactly packed so I didn’t go for MD simulation analysis.

3.4.RIN and MDS data of T4 lysozyme (PDB ID-4SOW)

Classification: HYDROLASE (O-GLYCOSYL). Residue count-164
Organism(s): Enterobacteria phage T4

T4 lysozyme is enzyme that attacks bacterial cell wall, the enzyme particularly attacks
peptidoglycans in the cell wall of bacteria and hydrolyses the B-1,4 linkages between N-
acetylmuramic acid and N-acetylglucosamine.it has several applications in industries like

bacterial lysis for nucleic acid extraction.



The T4 lysozyme mutant SER117PHE(1TLA) was isolated and found to be more thermostable
than wild- type by 1 -1.4 kcal/mol** there is also low thermostable pseudo wild type(20E4) we
will be comparing both with wild type(4SOW).

PCN analysis of T4 lysozyme-

For Global-scale the average network parameters were computed for each PCN, the ranges of
such parameter value for 3PCN’s are-

Values here are of wild type and most thermostable mutant structure

1.Network density- 0.046-0.044

2.Betweenness Centrality- 0.02-0.016

3.Clustering Coefficient- 0.487-0.465

4.Shortest Path Length- 7.444-7.160

comparative study of residue specific network parameters.
Table-3.4.1) residue specific network parameters of T4 lysozyme
colour code-Red for helix, Blue for sheet, yellow for loop

in g-lay cluster analysis numbers inside the bracket represents the total number of residues in the cluster

PDB id Degree
°C)

4SOW  SER117 15 0.017 043 1(51) 523
(wt)

2 1TLA PHE117 17 0.03 0.31 1(51) 56.4

3 20E4  SER117 15 0.009 0.41 2(48) 51.7
(pseudo
Wild
type)

here also we see that there is linear relationship of B.C. with melting temperature.



Fig-3.4.1) temperature(y-axis) vs average betweenness centrality(x-axis) graph

Tm(0C) Vs average Betwenness Centrality
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117F mutant is buried in the hydrophobic core of the protein also Phel17 and Phel53 shows

edge-face interaction’, This might be reason for more thermostability than wild type.

community cluster analysis of T4 lysozyme-

fig-3.4.2) community cluster analysis of T4 lysozyme
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a-c labelling from right to left.

a)4SOW(wt) here we see community 1 doesn’t interact with community 2 and widely spread.
b)ITLA(S117F) has good communication of community 1 with community 2.
¢)20E4(pseudo wt) here residue 117 shifts from community 1 to community 3 that have less

members.



Molecular Dynamics Simulation analysis-

Fig-3.4.3) RMSD vs Time plot of T4 lysozyme (Black-4S0W, Green-20E4, Red-1TLA)
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The RMSD simulation of 10ns at 325K showed that the most thermostable mutant(1 TLA-Red)
and high-pressure pseudo wild type(20E4-Green) showed less fluctuation compared to wild
type. In wild type and thermostable mutant structure, we see sudden increase in RMSD value

before 2ns and then it achieves stable graph until 10ns.

Fig-3.4.4) Radius of gyration vs time plot of T4 lysozyme (Black-4SOW, Green-20E4, Red-1TLA)
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ITLA(Red) showed decreasing graph of Rg compared to both structure it means that 1'TLA
has tighter packing, Rg concerns with how can secondary structure compactly packed into 3D
structure of protein. Wild type structure showed increasing value of Rg after 8ns due to

deformity at melting temperature i.e. structure might be unfolding.

Hydrogen-Bond analysis-
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Fig-3.4.9)20E4 Fig-3.4.10)20E4
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in H-B analysis 20E4 has least thermal stability which shows decreasing trend in intra-peptide
hydrogen bonding and increasing trend in peptide-water hydrogen bonding.
ITLA which is most thermostable mutant of them shows exactly opposite behaviour compared

to 20E4 and 4SOW.

3.5.RIN and MDS data of GH10 xylanase (PDB ID-4QCE)

Classification: HYDROLASE
Organism(s): Bacillus sp. NG-27

Xylan is most abundant polymer in hemicellulose, which is considered as most important
renewable sources on earth®.the main function of GH10 xylanase is endohydrolysis of (1-4)-
beta-D-glycosidic linkages in xylans®®.hot springs and sea bottom harbour are the source of
enzyme. mainly it is present in thermophiles.

Here we select this protein due to here mutation happens at N-terminus region i.e. at 1* position
so it has 0 betweenness centrality and having 1.0 clustering coefficient in both wild(4QCE)
and mutant(4QDM) having mutation at V1L, mutant2(4QCF) having mutation at VIA®.
PCN analysis of GH10 xylanase -

For Global-scale the average network parameters were computed for each PCN, the ranges of
such parameter value for 3PCN’s are-

Values here are of wild type and most thermostable mutant structure.

1.Network density- 0.022-0.022

2.Betweenness Centrality- 0.015-0.018



3.Clustering Coefficient- 0.417-0.430
4.Shortest Path Length- 7.667-7.791

Due to the fact that mutation only happens at N-terminus end, here we only done community
cluster analysis which is comparable parameter.

Community cluster analysis-

Fig-3.5.1) community cluster analysis of GH10 xylanase
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a)4QCE(WT) here are total 5 communities in the clusters.
Valine has belonged to community 2 consisting of 78 community members.
Twn=70°C
b)4QDM(V1L) here we see total 4 community clusters more compact than wt and 4QCF.
Leucine belonged to community 3 consisting of 80 community members.
Tn=75°C
¢)4QCF(V1A) here we see total 5 community clusters.

Alanine belonged to community 2 consisting of 76 community members.

Ty=68°



Molecular Dynamics Simulation analysis-
Fig-3.5.2) RMSD vs Time plot of GH10 Xylanase (Black-4QCE, Green-4QDM, Red-4QCF)
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Here we can see that the less thermostable mutant(4QCF) and wild type(4QCE) shows more
fluctuations compared to more thermostable mutant(4QDM), smaller the deviations more

stable the structure so 4QDM shows more thermal stability.

Fig-3.5.3) Radius of gyration vs time plot of GH10 xylanase (Black-4QCE, Green-4QDM, Red-4QCF)
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In Rg vs time plot all structures shows nearly similar graphs but 4QDM(Green) shows less
fluctuations with time as compared to other structures while 4QCF(Red) which has low
thermostability firstly showed high Rg value compared to wild type (Black).

Hydrogen-bond analysis-In GH10 xylanase mutation introduced at N-terminal so there is no

significant change in hydrogen bond patterns.so there is no need for H-B analysis.



Conclusion

e In all cases of different thermostable mutant proteins betweenness centrality of nodes
i.e. mutated residues have shown linear relationship with melting temperature.

e Closely packed and less number of G-lay cluster were seen in thermostable proteins.

e In mutants, high B.C. were seen but there is low C.C. i.e. High connectivity dominates
ability to form groups with neighbours but in some cases like ADK both increases
thereby having 30% increase in thermal stability.

e In some cases, like yCD at 23 position there is slight decrease in B.C. but there is
increase in C.C. and member of clusters so all three factors are important to maintain
thermal stability.

e In all thermostable mutant proteins, we see that mutated residue breaks community
structure and goes to more dense community and when mutated residue goes to less
dense community structure we see that there is no significant change in melting
temperature.

e As unfolding of protein is cooperative process i.e. loss of structure in one part of the
protein destabilizes the whole structure thereby loss of function so High connectivity
between residues is important to maintain its native form.

e Molecular Dynamics Simulations results also confirms that thermostable mutant
structure showed less fluctuation of RMSD value with Time, and radius of gyration of
thermostable mutant structure showed decreased Rg value compared to wild type it
conveys that tight packing is also necessary for the thermal stability.

e In Hydrogen bonds analysis, we observe that for thermostable mutant’s intra-peptide
hydrogen bonds shows increasing trend over time compared to wild type protein Also,
we observe that for thermostable mutant’s peptide-water hydrogen bonds shows

decreasing trend over time compared to wild type protein.
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Appendix

Here all community structure comparison done with respect to its wild type

protein.
1.RIN of yeast Cytosine Deaminase-

2)IP60(WT)
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b)1YSD(A23L/1140L)

In 1YSD A23L residue breaks the community structure and goes to C1 where it has more

community members, while [140L resides on same community structure as of wild type.



c)1YSB(A23L/V1081/1140L)

in 1YSB A23L residue changes community structure and goes to C3 where community
members are more, V108I residue also changes community structure and goes to less crowded
C2 community but there average betweenness centrality is more compared to other community

members.



2.RIN of Adenylate Kinase(ADK)
a)1P3J(WT)
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b)20SB(Q16L/Q199R)

In 20SB QI16L and Q199R both breaks community structure and goes to more crowded

community C2 as compared to wild type protein.



¢)2QAJ(Q199R/G213E)

In 2QAJ Q199R residue breaks community structure and goes to more dense community C3
as in wild type Q199 resides on very less dense community consisting of only 9 members, and

G213E doesn’t change community structure.



3.3-Isopropylmalate Dehydrogenase (31D)

2) I XAA(WT)




b)1G2U(A172V)

In 1G2U A172V residue breaks community structure and goes to more dense community C3

consisting of 80 community members.



¢)IGC8(A172F)

In 1GC8 A172F breaks community structure and goes to C2 which is more dense compared to

wild type.



d)1GCI(A172G)

In 1GC9 A172F residue doesn’t change community structure so as we can also see that there

is no significant increase in melting temperature compared to wild type protein.



4.RIN OF T4 lysozyme
a)4SOW(WT)

=

SN




b)ITLA(S117F)

In 1TLA S117F residue doesn’t breaks community structure it resides on same community

structure as of wild type which is C1 consisting of 51 members.



¢)20E4(high pressure psedo wild type)

In 20E4 S117 breaks community structure and goes to less dense community structure C2
consisting of 48 members so here also we see that its melting temperature is less than the wild

type protein.



5.GH10 Xylanase
a)4QCE(WT)




b)4QDM(VIL)

In 4QDM V1L residue doesn’t change community structure but it also has 3 more community

members as compared to wild type protein.



¢)4QCF(V1A)

In 4QCF V1A residue doesn’t breaks community structure and it has same community

members as of wild type protein.



