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ABSTRACT

The binding of one signaling protein to another serve to recruit a signaling protein to a location
where it is activated and where it is needed to carry out its function, it induce conformational
changes that affect activity or accessibility of additional binding domains, permitting additional
protein interactions. If in a cell interaction disappearance will make cell deaf and blind, paralytic
and finally will disintegrate.Hsp90 are molecular chaperones involved in stress response and
normal biosynthetic and homeostatic control mechanisms of the cell .1t interact with different
clients such as protein (kinases, transcription factor, and structurally unrelated protein), activate
and direct it to proteasomal degradation. Disrupting the interaction between Hsp 90 and its client
protein controls its biogenesis, stability and activity. The question arises is how the Hsp 90
recognizes p53 protein and what region of Hsp 90 are interacting with it. In this study the basis
of interaction of Hsp 90 with p53 is predicted by identifying unveiled hydrophobicity
patches,location of binding site ,charge distribution and docking. Hydrophobic patches with
hydropathy index similarity between Hsp 90 and p53 is predicted.The charge distribution and
overall hydrophobicity was also compared . Protein —protein docking is studied using HEX
which predicts that human Hsp 90 and wild type p53 form stable complex ,this is compared with

mutant type p53.
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INTRODUCTION

Bioinformatics is the field of science in which biology, computer science and information
technology merge into a single discipline.it is conceptualizing biology in terms of molecules and
applying informatics techniques to understand and organize the information associated with
these molecules. Using bioinformatics drug can be designed with minimal work at wet lab. With
the help of gene sequence protein sequence is determined, from which determination of structure
can be done using structure prediction technique. With further resolving protein surface force
surrounding molecule can be determined. Docking allows prediction of ligand which will bind to
the protein surface. The influxes of biological data and advancement of computer technology
have broadened the scope of biology. Need for a large database is felt to store, view and

deconstruct information.

Protein structure analysis is an important part of bioinformatics which approximates the structure
of a molecule in very less time, which helps the biochemists, who take years and centuries to

study and predict the structure of larger molecules.

Heat shock protein belongs to the family of protein whose expression increases in response to
variety of metabolic insults. It promotes synthesis and folding of protein throughout the cell and
supports protein assembly, secretion, trafficking, protein degradation and regulation of
transcription factor and protein kinases. Transcription factor p53 activation occurs due to cellular
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stress and several other pathways of its activation. In normal cellular condition it remains in
“standby mode”, once activated it activates number of genes and take part in DNA repair. In
most cases of human cancer cell it remains in mutated form which prevents transcriptional

activation of genes.

P53 is a tumour suppressing protein encoded by tp53 gene.p53 protein regulates cell cycle and
functions as tumour suppressor protein that is involved in preventing cancer. It remain in cell in
mutated or deactivated form as it is degraded rapidly via proteolysis and ubiquitination.Due to

this only low concentration of this normal protein is present in the cell.
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OBJECTIVE
TO STUDY INTER ACTION
OF HSP90 WITH P53 AND

ITS MUTATED FORM AND
THEIR COMPARISON
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LITERATURE REVIEW
Table (1): Structures of Amino Acids [22]

The structure of amino acids differs by the type of R group present in the basic amino
acid structure. there name are abbreviated with single alphabet.

Amino Acid Name abrev Structure of R group (red) Comments
Alanine A Neutral
None-polar
Arginine R Basic
Polar
Asparagine N Neutral
Polar
Aspartic D Acidic
Acid Polar
Cysteine C Neutral
Slightly
Polar
Glutamic E Acidic
Acid Polar
Glutamine Q Neutral
Polar
Glycine G Neutral
Non-polar
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Histidine

Basic
Polar

Isoleucine

Neutral
Non-polar

Leucine

Neutral
Non-polar

Lysine

Basic
Polar

Methionine

Neutral
Non-polar

Phenyl-
alanine

Neutral
Non-polar

Proline

Neutral
Non-polar

Serine

Neutral
Polar

Threonine

Neutral
Polar

Trypto-
phan

Neutral
Slightly
polar
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Tyrosine Y Neutral
Polar
Valine V Neutral
Non-polar
Structure of Hsp90:

It consists of 732 amino acid sequence .the numbering indicates the amino acid sequence which
define function domains. This is basically present as homo dimer in cytoplasm. The homo dimer
consists of N-terminal ATP-binding domain, a middle region, and C-terminal homo dimerization
domain which contain tetratricopeptide repeat protein (TRP) binding motif. CR region act as
flexible linker between N-terminal and middle domains. The N-terminal domain contains
peculiar adenine nucleotide-binding pocket called as Bergerat fold .Hydrolysis of ADP to ATP in
the bergerat fold shows structure alteration which is essentially important for chaperoning
activity of Hsp 90 dimer. The structures of middle region contain highly charged and flexible
linker sequence that connects to the middle region of Hsp 90.It interacts with gamma phosphate
of ATP molecule. Middle region plays a key role in binding of many client protein to Hsp 90.C-
terminal has an important role in cooperative intermolecular and intermolecular interaction that
regulate use of ATP by chaperone.Hsp90 interaction with client protein is regulated by many co-

chaperone. [15]
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Interaction cycle:

In open state of Hsp 90 ATP binding induces major conformational change in the dimer which
forms a ring like closed structure. The N-terminal association is the rate limiting step for overall

ATPase cycle. [15]

Interaction study oi human hsp90-p53:

P53 a transcription factor is degraded rapidly through proteolysis and the ubiquitin proteasome
pathway, low concentration of p53 reside in cell due to high turnover ,but mutated p53 is not
strongly affected by proteolysis and it accumulates in the cell. Hsp 90 bind tightly to p53 and
inhibits its function leading to degradation of mutant p53.Hsp 90 binds to wild type p53 which is
more transient than mutant protein. It is held in dynamic equilibrium by transient association
with Hsp 90 which contain complex of p23 and CYP40 which help in maintaining conformation
for DNA binding. Most mutant p53 are not able to achieve the conformation required for DNA

binding.[14][15]
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BIOINFORMATICS TOOL

Swiss prot database:

It is a protein sequence database with annotated data; data includes function of protein, domain
structure, post translational modifications. Amino acid sequence of p53 and hsp90 is obtained

from Swiss prot[11][12]

SOPMA:

Self-Optimized Prediction Method is used to predict secondary structure of protein that uses
multiple alignments. A protein query sequence is retrieved from NCBI in FASTA format and
pasted on the SOPMA submission form. The SOPMA was run and the result was saved. It

predict number of alpha helix and beta bridges and other detail of protein structure[9][8]

Surface Hydrophobicity Plot:

Hydrophobicity plot is the graphical representation of the distribution of polar and apolar
residues along a protein sequence. It predict hydrophobic and hydrophilic region. This works
under two types of scale kyte-doolittle used for hydrophobic character and hopp woods scale
used for antigenic region. Region above value 0 are hydrophobic and window size 5-7 is good

for finding surface expose region in kyte-dolittle scale.[3][4]
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Table 2: Hydrophobicity Scale of Amino acid[10]

Amino Acid Kyte-Doolittle scale Hopp-Woods scale
Alanine 1.8 -0.5
Arginine -4.5 3.0

Asparagine -3.5 0.2

Aspartic acid -3.5 3.0

Cysteine 2.5 -1.0

Glutamine -3.5 0.2
Glutamic acid -0.4 0.0
Glycine -0.4 0.0
Histidine -3.2 -0.5
Isoleucine 4.5 -1.8
Leucine 3.8 -1.8
Lysine -3.9 3.0
Methionine 1.9 -1.3
Phenylalanine 2.8 -2.5
Proline -1.6 0.0
Serine -0.8 0.3
Threonine -0.7 -0.4

Tryptophan -0.9 -3.4
Tyrosine -1.3 -2.3

Valine 4.2 -1.5
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Protparam tool:

This is a tool which calculate various physical and chemical parameters of a given protein in
Swiss Prot or TrEMBL .Parameters are molecular weight ,no.of amino acid, theoretical pl,
atomic composition, extinction coefficient ,estimated half life, instability index and grand

average of hydrophobicity (GRAVY)[7]

SAPS

Statistical analysis of protein sequence (SAPS) evaluates protein sequence properties by
statistical criteria. Properties contain compositional biases, sample and runs of charge and other
amino acid, different kind of extent and repetitive structures, local motifs, and anomalous
spacing between identical residue types. Sequence with at least 200 residue is reliable and should
be of the following format; raw, plain, EMBL, Swiss Prot, Genbank,PIR,Fasta,NBRF, and

GCG.[9]

Ident and sim tool:

This is a tool which calculates percentage similarity of hydrophobic patch between Hsp90 and

p53.This also calculates identical charged-charged interaction.[4]

I-TASSER:

Iterative threading assembly refinement program is an online 3dimensional structure prediction

server for protein .1t predicts structure based on confidence score and tm score. The output
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contains full length secondary and tertiary structure prediction, and functional annotation on

legend binding site.[6]

BLAST:

Basic local alignment search tool is a tool for comparing sequence among all known sequence in
database .1t predicts alignment based on confidence score. The outputs contain many sequences
with most similar alignment and property. We take database with high e-value. BLASTS also
help in finding PDB id with high confidence score. That ID use in protein docking with help of

HEX.6. [5]

HEX:

This is used to study protein- protein docking in which one of the proteins is docked as ligand
and other as receptor. This removes all water molecules and other hetero atoms from input file.
Hex rotates each protein about its coordinate origin and varies the separation between two

origins. Highest scoring orientation are saved and returned to user.[2]

ESyPred3D:

This is an automated homology program used to predict three —dimensional structure of proteins.

Alignments are obtained by combining, weighing and screening the results of several multiple

alignment programs. Steps involved are search for a template, aligning query and
template sequence, building 3D model using last alignment and the structure of the

template and assessing the final 3D model.[9]
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MATERIALS AND METHODS

Amino acid sequence:

The three protein involved hsp90, wild type p53, and mutated p53, their amino acid sequence

was obtained from Swiss Prot database.

3-d protein structure:

3 dimensional protein structures were obtained from PDB (protein data bank). PDB id and chain
id was obtained by BLAST tool of FSTA sequence. This ID was used to obtain PDB structure
and their 3-D modal for good prediction of docking. The protein includes human wild type p53,

mutant p53and Hsp90.

Hydrophobicity paich:

Hydrophobicity patches in Hsp90 and p53 (client protein) and mutant p53 was identified using

surface hydrophobicity plot scale and window size being Kyte-doolittle and 7 respectively.[10]
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Hydropathy index:

Hydropathy index of Hsp 90 and p53 was estimated by grand average of hydropathy (GRAVY)
value which is the sum of the hydropathy value for all amino acid in a protein sequence divided

by no. of residue, using Protparam tool.[11][12]

Overall percentage hydrophobicity:

Overall percentage of hydrophobicity of Hsp 90 and p53 was calculated as ratio of no. of amino

acid having high hydrophobicity especially (L, V, I, F, M) and total no. of amino acid sequence.

Similarity of hydrophobicity between hsp90 and client protein:

Percentage similarity of hydrophobic patches between Hsp90 and p53 was calculated using Ident

and sim tool. [9]

Prediction of 3D protein structure by I-TASSER:

Prediction of 3- dimensional structure of protein was done based on confidence score and tm
score. It was fully computerized algorithm to obtained 3-D structure that was obtained by online

I-TASSER server.[6]
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Protein- protein DocKing :

Protein- protein docking was done using HEX tool in which human Hsp 90 was docked with
wild type and mutant type p53. Result was obtained with help of HEX6 tool shown energy data

for docking that predicts which type of docking is more stable.[2]

Protein interaction site:

Protein —protein interaction predicted using SHARP2 tool. PDB id for atomic coordinates of the
crystal structure of a p53 and Hsp 90 and chain id for promoter of choice is entered. Type of
protein is selected and parameters are set and are submitted to get the location of the interaction

site.[1]
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RESULT AND DISCUSSION

Sequence of Human Hsp 90

>g11153792590|ref NP 001017963.2| heat shock protein

HSP 90-alpha isoform 1 [Homo sapiens]
MPPCSGGDGSTPPGPSLRDRDCPAQSAEYPRDRLDPRPGSPSEASSPPFLRSRAPVNWYQEKAQVFLWHL
MVSGSTTLLCLWKQPFHVSAFPVTASLAFRQSQGAGQHLYKDLQPFILLRLLMPEETQTQDQPMEEEEVE
TFAFQAEIAQLMSLIINTFYSNKEIFLRELISNSSDALDKIRYESLTDPSKLDSGKELHINLIPNKQDRT
LTIVDTGIGMTKADLINNLGTIAKSGTKAFMEALQAGADISMIGQFGVGFYSAYLVAEKVTVITKHNDDE
QYAWESSAGGSFTVRTDTGEPMGRGTKVILHLKEDQTEYLEERRIKE IVKKHSQFIGYPITLFVEKERDK
EVSDDEAEEKEDKEEEKEKEEKESEDKPEIEDVGSDEEEEKKDGDKKKKKKIKEKYIDQEELNKTKPIWT
RNPDDITNEEYGEFYKSLTNDWEDHLAVKHFSVEGQLEFRALLFVPRRAPFDLFENRKKKNNIKLYVRRV
FIMDNCEELIPEYLNFIRGVVDSEDLPLNISREMLOQSKILKVIRKNLVKKCLELFTELAEDKENYKKEY
EQFSKNIKLGIHEDSQNRKKLSELLRYYTSASGDEMVSLKDYCTRMKENQKHIYYITGETKDQVANSAFV
ERLRKHGLEVIYMIEPIDEYCVQQLKEFEGKTLVSVTKEGLELPEDEEEKKKQEEKKTKFENLCKIMKDI
LEKKVEKVVVSNRLVTSPCCIVTSTYGWTANMER IMKAQALRDNSTMGYMAAKKHLE INPDHSIIETLRQ
KAEADKNDKSVKDLVILLYETALLSSGFSLEDPQTHANRIYRMIKLGLGIDEDDPTADDTSAAVTEEMPP
LEGDDDTSRMEEVD

Physio-chemical parameters of Hsp90 alpha isoform computed by Protparam tool
(expasy.org)

Number of amino acids: 854
Molecular weight: 98161.1

Theoretical pl: 5.07
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Amino acid composition:
Ala (A) 43 5.0%
Arg (R) 39 4.6%
Asn (N) 32 3.7%
Asp (D) 60 7.0%
Cys (C) 10 1.2%
GlIn (Q) 33 3.9%
Glu (E) 100 11.7%
Gly (G) 40 4.7%

His (H) 15 1.8%
lle (1) 51 6.0%
Leu (L) 77 9.0%

Lys (K) 83 9.7%
Met(M)22  2.6%

Phe (F) 31 3.6%
Pro (P) 37 4.3%
Ser (S) 56 6.6%
Thr (T) 47 5.5%

Trp (W) 7 0.8%
Tyr (Y) 28 3.3%
Val (V) 43 5.0%
Pyl (O) O 0.0%
Sec(U) 0 0.0%

(B) 0 0.0%
(2) 0 0.0%
(X) 0 0.0%
Total number of negatively charged amino acid (Asp + Glu): 160
Total number of positively charged amino acid (Arg + Lys): 122

Atomic composition:
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Carbon C 4336
Hydrogen H 6874
Nitrogen N 1156
Oxygen O 1371
Sulfur S 32

Formula: Cus3sHes724N 115601371532

Total number of atoms: 13769

Extinction coefficients:

Unit of extinction coefficients M™ cm™, at 280 nm measured in water.

Ext. coefficient 80845

Abs 0.1% (=1 g/l) 0.824, assuming all pairs of Cys residues form cystines
Ext. coefficient 80220

Abs 0.1% (=1 g/l) 0.817, assuming all Cys residues are reduced

Estimated half-life:

The N-terminal of the Hsp90 sequence considered is M (Met).
The estimated half-life is: 30 hours.

>20 hours (yeast, in vivo).

>10 hours (Escherichia coli, in vivo).

Instability index:
The instability index (I1) is calculated to be 47.71
This categories the protein as unstable.

Aliphatic index: 78.09
Grand average of hydropathicity (GRAVY): -0.699
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Secondary structure prediction of Hsp90-alpha isoiorm using SOPMA tool

10 20 30 40 50 60 70
| | | | | | |
MPPCSGGDGSTPPGPSLRDRDCPAQSAEYPRDRLDPRPGSPSEASSPPFLRSRAPVNWYQEKAQVELWHL

hhhhhhheeeeee
MVSGSTTLLCLWKQPFHVSAFPVTASLAFRQSQGAGQHLYKDLQPFILLRLLMPEETQTQDQPMEEEEVE
ehttcceeeeet eee hhhhhhecetttthhhhhtecchhhhhhe hhhhh
TFAFQAETAQLMSLIINTFYSNKEIFLRELISNSSDALDKIRYESLTDPSKLDSGKELHINLIPNKQDRT
hhhhhhhhhhhhhhhhhhh thhhhhhhhhcchhhhhhhhhhh ttceeeeee tttce
LTIVDTGIGMTKADLINNLGTIAKSGTKAFMEALQAGADISMIGQFGVGFYSAYLVAEKVTVITKHNDDE
eeeeet hhhhhhhhhhhhhttchhhhhhhhttcceeeee ehhhhhhhteeeeece
QYAWESSAGGSEFTVRTDTGEPMGRGTKVILHLKEDQTEYLEERRIKEIVKKHSQFIGYPITLFVEKERDK
eeeeccttceeeecee ttceeeeeectthhhhhhhhhhhhhhhhccteetcceeeeeeh
EVSDDEAEEKEDKEEEKEKEEKESEDKPEIEDVGSDEEEEKKDGDKKKKKKIKEKYIDQEELNKTKPIWT
hhhhhhhhhhhhhhhhhhhhht hhhh hhhhhhttchhhhhhhhhhhechhh eeee
RNPDDITNEEYGEFYKSLTNDWEDHLAVKHESVEGQLEFRALLFVPRRAPFDLFENRKKKNNIKLYVRRV
hhhhhhhhhhhhht hhheeeectt ceeeee hhhhhhhhccheeeeeee
FIMDNCEELIPEYLNFIRGVVDSEDLPLNISREMLQQSKILKVIRKNLVKKCLELFTELAEDKENYKKEY
ee hhhhhhhhhhhhhheectt hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh
EQFSKNIKLGIHEDSQNRKKLSELLRYYTSASGDEMVSLKDYCTRMKENQKHIYYITGETKDQVANSAFV
hhhhhheeeeee hhhhhhhhhh hhhhhhhhhhhcetttceeeeeet hh hhh
ERLRKHGLEVIYMIEPIDEYCVQQLKEFEGKTLVSVTKEGLELPEDEEEKKKQEEKKTKFENLCKIMKDI
hhhhhttceeeeeecchhhhhhhhhhhettcceeehhhhheee hhhhhhhhhhhhhhhhhhhhhhh
LEKKVEKVVVSNRLVTSPCCIVTSTYGWTANMERIMKAQALRDNSTMGYMAAKKHLEINPDHSIIETLRQ
hhhhhhheeehhh heeee hhhhhhhhhhhh hhhhhhhcceeeccttacchhhhhhh
KAEADKNDKSVKDLVILLYETALLSSGFSLEDPQTHANRIYRMIKLGLGIDEDDPTADDTSAAVTEEMPP
hhh hhhhhhhhhhhhhhhhhtt hhhhhhhhhhhhhh hhcchhhhhhoch
LEGDDDTSRMEEVD
Hhhhhhhhhhhhhh

This result shows the secondary structure of Hsp90 amino acid sequence.
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Sequence length: 854

SOPMA:
Alpha helix ~ (Hh): 407 is 47.66%
310 helix  (Gg) : is 0.00%
Pi helix (l): is 0.00%
Beta bridge (Bb): is 0.00%
Extended strand (Ee) : 123 is 14.40%
Betaturn  (Tt): 48is 5.62%
Bend region (55): is 0.00%
Random coil (Cc): 276is 32.32%
Ambiguous states (?) : is 0.00%
Other states : is 0:00%
a 168 200 300 400 )il Goa P
D U!ﬂ \% H“ ~ \’ l‘""\
|| | | 'I .
N‘ 1' r“l.lilr l “m ll“ ' l"'\ ”‘N \‘H ff .;‘ijl ’li'*'“ ‘\"'Q’lﬂh "m' “ : lh
8 208 ?aa(ﬁg-l)
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PDB secondary structure of Hsp90

mnAaA AN

Dss5P — —_— -

vVVVVV
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FDE 1 10 20 30 10 42
D55p— —_— —_— N —_— —_ N —_—
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L R R V W W W VWV VY L R
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osse AN\ . . . Y.V.Y,. . i,
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FOEELMPRHP I |KELRRRVGADENDKAVKDLVFLLFDTSLLTSGFQLEDPTGYAERINRMIKL
PDEgyz 350 360 370 380 390 400 |

o

pssp fA—
POEGLS LDEEEEEAAEAPVAETAPAEVY
PDEZp3 ~

(Fig-2)
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I-TASSER:- online 3dimensional structure prediction of Hsp90-alpha isoiorm

(fig-3)
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Hydrophobicity plot of hsp 90-alpha isoiorm

Flot | Kyte-Dioolittle - Window size: 7 Clear Protein | Cemo Protein |
Input protein has 854 amino acids - see plot below

kyte-Doalittle Scale (hydrophohbicity

Amino Acid Mumber

(Fig-4)
Hydrophobicity plot was predicted using surface hydrophobicity plot using FASTA sequence of

Hsp90 and window size 7 which is suitable for studying protein —protein interaction .From the
hydrophobic plot peak was obtained at a specific location of amino acid .Including the peak
location 7 amino acid sequence was selected which were hydrophobic. This forms hydrophobic
patches . The patches obtained is detailed in table below.

Table (3): Predicted Hydrophobic Patch in Hsp90 alpha and in Human

protein %Overall Hydropathy Index of the predicted patch
Hydrophobicity

Hsp90 alpha 26.6% 2.316(ILLRLLM),2.029(LMSLIIN),

isoform 2.100(LEVIYMI), 2.186 (LVILLYE)
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Sequence of Human P53

GenBank: BAC16799.1

GenPeptGraphics

>gi1|23491729|dbj|BAC16799.1| P53 [Homo sapiens]
MEEPQSDPSVEPPLSQETFSDLWKLLPENNVLSPLPSQAMDDLMLSPDDIEQWFTEDPGPDEAPRMPEAA

PRVAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGEFLHSGTAKSVTCTYSPALNKMECQLAKT
CPVQLWVDSTPPPGTRVRAMATIYKQSOHMTEVVRRCPHHERCSDSDGLAPPQHLIRVEGNLRVEYLDDRN
TFRHSVVVPYEPPEVGSDCTTIHYNYMCNSSCMGGMNRRPILTIITLEDSSGNLLGRNSFEVHVCACPGR
DRRTEEENLRKKGEPHHELPPGSTKRALSNNTSSSPOPKKKPLDGEYFTLQIRGRERFEMFRELNEALEL
KDAQAGKEPGGSRAHSSHLKSKKGQSTSRHKKLMEKTEGPDSD

Physio chemical property of p53

Number of amino acids: 393
Molecular weight: 43683.1

Theoretical pl: 6.37

Amino acid composition:
Ala (A) 24 6.1%
Arg (R) 26 6.6%
Asn (N) 14 3.6%
Asp (D) 20 5.1%
Cys (C) 10 2.5%
GIn (Q) 15 3.8%
Glu (E) 30 7.6%
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Gly (G) 23 5.9%
His (H) 13 3.3%
lle(l) 8 2.0%
Leu (L) 32 8.1%
Lys (K) 20 5.1%
Met (M) 12 3.1%
Phe (F) 11 2.8%
Pro (P) 43 10.9%
Ser (S) 39 9.9%
Thr (T) 22 5.6%
Trp (W) 4 1.0%
Tyr(Y) 9 2.3%
Val (V) 18 4.6%
Pyl (O) 0 0.0%
Sec(U) O 0.0%

(B) 0 0.0%
Z) 0 0.0%
(X) 0 0.0%

Total number of negatively charged residues (Asp + Glu): 50
Total number of positively charged residues (Arg + Lys): 46

Atomic composition:

Carbon C 1897
Hydrogen H 2978
Nitrogen N 550
Oxygen O 593
Sulfur S 22

Formula: Cig97H2978N5500593S22
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Total number of atoms: 6040

Extinction coefficients:
Extinction coefficients are in units of M™ cm™, at 280 nm measured in water.
Ext. coefficient 36035
Abs 0.1% (=1 g/l) 0.825, assuming all pairs of Cys residues form cystines
Ext. coefficient 35410
Abs 0.1% (=1 g/l) 0.811, assuming all Cys residues are reduced
Estimated half-life:
The N-terminal of the sequence considered is M (Met).
The estimated half-life is: 30 hours (mammalian reticulocytes, in vitro).
>20 hours (yeast, in vivo).
>10 hours (Escherichia coli, in vivo).

Instability index:

The instability index (I1) is computed to be 71.93
This classifies the protein as unstable.

Aliphatic index: 59.08

Grand average of hydropathicity (GRAVY): -0.758
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Secondary structure of wild type p53
10 20 30 40 50 60 70

MEEPQSDPSVEPPLSQETFSDLWKLLPENNVLSPLPSQAMDDLMLSPDDIEQWFTEDPGPDEAPRMPEAA
hhhhhhhhhhcctthee hhh hh hhhh
PRVAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGFLHSGTAKSVTCTYSPALNKMFCQLAKT
eeeeece eeecchhhhhhhhhhht
CPVQLWVDSTPPPGTRVRAMAIYKQSQHMTEVVRRCPHHERCSDSDGLAPPQHLIRVEGNLRVEYLDDRN
eeeee eeehhhhh hhhhhhhh eeeee heee
TFRHSVVVPYEPPEVGSDCTTIHYNYMCNSSCMGGMNRRPILTIITLEDSSGNLLGRNSFEVHVCACPGR
eeeee hheeeehhhh ceeeeeeccttcceetcceeeeeececctt
DRRTEEENLRKKGEPHHELPPGSTKRALSNNTSSSPQPKKKPLDGEYFTLOIRGRERFEMFRELNEALEL
hhhhhh eeeeeee hhhhhhhhhhhhhh
KDAQAGKEPGGSRAHSSHLKSKKGQSTSRHKKLMFKTEGPDSD
Hhhhhh hhh ttcceeeee

Sequence length : 393

SOPMA tool result
Alpha helix  (Hh): 80is 20.36%
310 helix  (Gg): O0is 0.00%
Pi helix (l): 0is 0.00%
Beta bridge (Bb): 0is 0.00%
Extended strand (Ee) : 64 is 16.28%
Betaturn  (Tt): 10is 2.54%
Bend region (55): 0Ois 0.00%
Randomcoil (Cc): 239is 60.81%
Ambigous states (?) :  0is 0.00%

Other states - 0is 0.00
Parameters :

Window width : 17

Similarity threshold : 8

Number of states : 4
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I-TASSER:- online 3dimensional structure prediction of p53

(fig-6)
This predicts three dimensional structure of protein online automatically using FASTA sequence

of amino acid. This is used to compare three dimensional structure obtained from predicted PDB
id.
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Hydrophobicity plot of wild type p53

Flot Kyte-Doolitle - Window size: 7 Clear Protein | Demo Protein |

Y¥ou clicked near amino acid 200

i kyte-Dioolittle Scale (hydrophobicit?

||'|n m ML |

Amina Acid Mumber

(fig-7)
Hydrophobic patch of p53 was obtained as it was obtained for Hsp90.The patch obtained are

listed in table-2 below.

Table 4: Predicted Hydrophobic Patch in wild type p53 that came from fig .
(Transcription Factor) in Human

Transcription | Predicted Hydrophobic Patch Location of
Factor Patch
p53 GMNRRPILTHTLEDSSGNLLG Middle domain
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Mutant p53 [Homo sapiens]

GenBank: ACI25593.1

GenPept Graphics
>gi]208342286|gb|ACI25593.1| mutant p53 [Homo sapiens]

MEEPQSDPSVEPPLSQETEFSDLWKLLPENNVLSPLPSQAMDDLMLSPDDIEQWEFTEDPGPDEAPRMPEAA
PRVAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGEFLHSGTAKSVTCTYSPALNKMECQLAKT
CPVQLWVDSTPPPGTRVRAMATIYKQSQHMTEVVRRCPHHERCSDSDGLAPPQHLIRVEVNLRVEYLDDRN
TFRHSVVVPYEPPEVGSDCTTIHYNYMCNSSCMGGMNRRPILTIITLEDSSGNLLGRNSEFEVRVCACPGR
DRRTEEENLRKKGEPHHELPPGSTKRALPNNTSSSPOQPKKKPLDGEYFTLOIRGRERFEMFRELNEALEL
KDAQAGKEPGGSRAHSSHLKSKKGQSTSRHKKLMEKTEGPDSD

Physio-chemical properties of mutant p53
Number of amino acids: 393

Molecular weight: 43754.3

Theoretical pl: 6.48

Amino acid composition:

Ala (A) 24 6.1%
Arg (R) 27 6.9%
Asn (N) 14 3.6%
Asp (D) 20 5.1%
Cys (C) 10 2.5%
GIn (Q) 15 3.8%
Glu (E) 30 7.6%
Gly (G) 22 5.6%
His (H) 12 3.1%
lle () 8 2.0%
Leu (L) 32 8.1%
Lys (K) 20 5.1%
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Met (M) 12 3.1%
Phe (F) 11 2.8%
Pro (P) 44 11.2%
Ser (S) 38 9.7%
Thr (T) 22 5.6%
Trp (W) 4 1.0%
Tyr(Y) 9 2.3%
Val (V) 19 4.8%

Pyl (O) O 0.0%
Sec (U) 0 0.0%
(B) 0 0.0%
(Z) 0 0.0%
(X) 0 0.0%

Total number of negatively charged residues (Asp + Glu): 50
Total number of positively charged residues (Arg + Lys): 47

Atomic composition:

Carbon C 1902
Hydrogen H 2991
Nitrogen N 551
Oxygen O 592
Sulfur S 22

Formula: Ci902H2991N5510502S72
Total number of atoms: 6058

Extinction coefficients:
Extinction coefficients are in units of M* cm'l, at 280 nm measured in water.

Ext. coefficient 36035
ADbs 0.1% (=1 g/l) 0.824, assuming all pairs of Cys residues form cystines
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Ext. coefficient 35410
Abs 0.1% (=1 g/l) 0.809, assuming all Cys residues are reduced

Estimated half-life:
The N-terminal of the sequence considered is M (Met).

The estimated half-life is: 30 hours (mammalian reticulocytes, in vitro).
>20 hours (yeast, in vivo).
>10 hours (Escherichia coli, in vivo).

Instability index:

The instability index (I1) is computed to be 72.64
This classifies the protein as unstable.

Aliphatic index: 59.82Grand average of hydropathicity (GRAVY): -0.752
Secondary structure of mutant p53

10 20 30 40 50 60 70
| | | | | | |
MEEPQSDPSVEPPLSQETEFSDLWKLLPENNVLSPLPSQAMDDLMLSPDDIEQWEFTEDPGPDEAPRMPEAA

hhhhhhhhhh ee hhhhhhe
PRVAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGFLHSGTAKSVTCTYSPALNKMECQLAKT
ceeeee eeecchhhhhhhhhhtt
CPVQLWVDSTPPPGTRVRAMAIYKQSQHMTEVVRRCPHHERCSDSDGLAPPQHLIRVEVNLRVEYLDDRN
eeeee ttceeeeeceee hhhhhhhh heeeet heee

TFRHSVVVPYEPPEVGSDCTTIHYNYMCNSSCMGGMNRRPILTIITLEDSSGNLLGRNSFEVRVCACPGR

eeeee hhheeeehhh eeeeeeeccttccee eeeeeeecctt
DRRTEEENLRKKGEPHHELPPGSTKRALPNNTSSSPQPKKKPLDGEYFTLQIRGRERFEMFRELNEALEL

hhhhh ceeeee hhhhhhhhhhhhhh
KDAQAGKEPGGSRAHSSHLKSKKGQSTSRHKKLMFKTEGPDSD
Hhhh hhee ttcceeeee

Sequence length : 393
This result shows the secondary structure of amino acids according to their folding.
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PDB secondary structure of mutant p53

Dssp_;_f-"\_ I » T ' N__ —_—
POESSSVPSOKTYOQGSYGFRLGFLHSGTAKSVTCTYS PALNKMFCQLAKTCPVOLWVYDSTFPPP
FDEg4’ 100 ' 110 ' 120 ' 130 ' 140 ' 150 153

Dssp A— —_— -n%F N n__ —N_ —_N
L
PFOEGTRVRAMA I YKQSOQHMTEVVRRCPHHERCSDSDGLAPPQHL I RVEGNLEVEYLDDRNTFR
PDE fcq 160 ' 170 ' 150 ' 190 ' 200 ' 210 213

DSSP — _n_l‘"_"\_ _n_
PFOEHS VVVPYEPPEVGSDCTTIHYNYMCMNSSCMGGMNRRPILTIITLEDSSGNLLGRNSFEVR
FOES 4 220 230 240 250 260 270 273

scor WP IumMorsuppreli

N A AN

W oW W W 'U'_
POEVCACPGRDRRTEEENLRKKGEPHHELPPGS TEKRALPNNT

PDEB 374 280

D55P

(fig-8)

Alpha helix  (Hh): 67is 17.05%
310 helix  (Gg): O0is 0.00%

Pi helix (l): 0is 0.00%
Beta bridge (Bb): 0is 0.00%
Extended strand (Ee) : 701is 17.81%
Beta turn (TY: 1lis 2.80%
Bend region (55): 0Ois 0.00%
Randomcoil (Cc): 245is 62.34%
Ambiguous states (?) :  0is 0.00%

Other states . 0is 0.00%
Parameters :

Window width - 17

Similarity threshold : 8

Number of states : 4
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(fig-10)
The sequence of mutant p53 obtained from PDBid and i-tasser was compared same as wild type p53.
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Hydrophobicity plot of mutant p53

Plot | KEve-Doolitle - Window size: 7 Clear Protein Demio Protein

Kwte-Dinolittle Scale trydrophoDacity)

(fig-11)

Single hydrophobic patch was seen which was similar to wild type p53, but with
greater hydrophocity. The patch is predicted as shown in table-

Table (5): predicted hydrophobic patch of mutant p53

Transcription | Predicted Hydrophobic Patch Location of
Factor Patch
Mutant p53 | GMNRRPILTITLEDSSGNLLG Middle domain
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Alignment of p53 with mutant p53

99.2% identity in 393 residues overlap; Score: 2097.0;Gap frequency: 0.0%

1 MEEPQSDPSVEPPLSQETFSDLWKLLPENNVLSPLPSQAMDDLMLSPDDIEQWEFTEDPGP
MEEPQSDPSVEPPLSQETFSDLWKLLPENNVLSPLPSQAMDDLMLSPDDIEQWEFTEDPGP

R e e e A A db b b b b b i S g I db S b i b b i i g db S S S b g b i i i d db I S B b b b S S i dh I IR S b b g i i i S d g Y

61 DEAPRMPEAAPRVAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGFLHSGTAK
61 DEAPRMPEAAPRVAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGFLHSGTAK

I A A A db db b b b b i S db I db S b b b b b e 2 g S db g b b b i i S dh A AR S db b b b b S i g IR I I b b b i i i S g i Y

121 SVTCTYSPALNKMFCQLAKTCPVQLWVDSTPPPGTRVRAMAIYKQSQHMTEVVRRCPHHE
121 SVTCTYSPALNKMFCQLAKTCPVQLWVDSTPPPGTRVRAMAIYKQSQHMTEVVRRCPHHE

I A A A db b b b b b i S db I A S b b b b b e g g S db g b b b i i S dh A AR A b b b b b S i g IR AR S b b b b i i i g Y

181 RCSDSDGLAPPQHLIRVEVNLRVEYLDDRNTFRHSVVVPYEPPEVGSDCTTIHYNYMCNS
181 RCSDSDGLAPPQHLIRVEGNLRVEYLDDRNTFRHSVVVPYEPPEVGSDCTTIHYNYMCNS

kkokkkkkkokkkokkkokkhkok Kk okkkokkk ok ok ok ok ok k ok ok k ok ok ok ok &k k& ok ok ok ok ok ok k ok ok ok ok ok ok ok ok kK
241 SCMGGMNRRPILTIITLEDSSGNLLGRNSFEVRVCACPGRDRRTEEENLRKKGEPHHELP
241 SCMGGMNRRPILTIITLEDSSGNLLGRNSFEVHVCACPGRDRRTEEENLRKKGEPHHELP

R R e A A db b b b b b S dh db  db S b b b b S 2 db db db i b b S S 2 2 db  db db i b b b b S 2 2 A AR I b b b b S S S g i Y

301 PGSTKRALPNNTSSSPQPKKKPLDGEYFTLQIRGRERFEMFRELNEALELKDAQAGKEPG
301 PGSTKRALSNNTSSSPQPKKKPLDGEYFTLQIRGRERFEMFRELNEALELKDAQAGKEPG

R S A A A D b b 2 dh db dh db b b b b b SR g db dh db b b b b S S S SR db  db S b b b b b S 2h 2 db  db I b b b b S 2 S g g 4

361 GSRAHSSHLKSKKGQSTSRHKKLMEFKTEGPDSD
361 GSRAHSSHLKSKKGQSTSRHKKLMFKTEGPDSD

R R e d A db db b b b b i S 2h dh db  Ib Ib b b b b S S Sh db g S b b

These 3 amino acid pair that was not alike shown single base substitution mutation in human

p53.This mutation was responsible for change in their interaction property with Hsp90.
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Table (6) mutation point in amino acid sequence

Wild type p53 Mutant p53 Position of amino acid
G - Glycine V- Valine 199
H —Histidine R —Arginine 273
P- Proline S —Serine 309

CHARGE DISTRIBUTIONAL ANALYSIS

With the help of SAPS tool, charge distribution of amino acid inside human Hsp90 was

obtained. The distribution of charges in the protein sequence was evaluated in terms of clusters,

hydrophobic patches and high scoring segments of human p53.

Table (7) Correlation of hydrophobic paiches with score value:

Hydrophobic patches

Score

(LVIEFM) 2.00 maximum score of
hydrophobicity in amino acid

(AGYCW) 1.00 (50%)hydrophobicity

(BZX) 0.00 no hydrophobic patches

(PH) -2.00

(STNQ) -4.00 hydrophilic

(KEDR) -8.00 maximum hydrophilic
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Correlation hetween hydrophobic patches and charge distribution of Hsp90 amino acid

sequence

Shown in [table 1&3] human p53& Hsp 90 both had opposite charge distribution due to their

amino acid sequence. These apposite charges on each other attract to reduce their electrostatic

energy. These charge distribution was also responsible for making extra and intra H-bond with

each other and water molecules. In protein folding and docking with other protein H-bolding is

important characteristic. Hydrophobic property of protein that developed due to hydrophobic

patches involved main role in interaction of p53 with Hsp90.

Table(8)

positive (KR) KR:122 Shows 14.3% of positive charge
(14.3%)

negative (ED)charge ED:160 Shows 18.7% of negative charge this

represented more negative score of

(18.7%) this protein

total charge (KRED) KRED:282
(33.0%)

net charge (KR-ED) KR-ED:- Hsp90 protein negatively charged
38(4.4%)

Major Hydrophobic LVIFM:224 Hydrophobic patches confine to

(LVIFM) LVIFM,
(26.2%)
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Table (9) Correlation between hydrophobic patch and charge distribution oi p53

amino acid sequence:

positive (KR) KR:46 (11.7%) Shows 11% of positive
charge

negative (ED)charge |ED:50 (12.7%) Shows 12% of negative
charge this represented
more negative score of this
protein

total charge KRED:96 (24.4%) Total charge due to

(KRED) positively & negatively
charge amino acid in p53

net charge (KR-ED) |KR-ED :-4(1.0%) |Negative charge score of

p53 protein

Major Hydrophobic
(LVIFM)

LVIFM:81 (20.6%)

Hydrophobic patches
confine to LVIFM.
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positive (KR) KR:47 Shows 12% of positive charge
(12.0%)
negative ED:50 Shows 12.7% of negative
(ED) charge (12.7%) charge this represented more
| negative score of this protein
total charge KRED: 97
(KRED)
(24.70%)
net charge (KR- KR-ED Mutant p53 protein negatively
ED
) S3(-0.8%) charged
Major Hydrophobic |LVIFM:82 | Hydrophobic patches confine
(LVIFM) (20.99) to LVIFM.

Table (10) Correlation between hydrophobic patch and charge distribution of mutant

P53 amino acid sequence

The result of charge distribution and hydrophobic patch of wild type p53 and mutant p53 when

compared showed that mutant p53 was more positive by one positive charge and slightly more

hydrophobic than wild type 53, overall % hydrobhobicity being more for mutant type p53.This

was used to predict that mutant p53 can interact better with Hsp90 than wild type p53.
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Interaction between hsp90 and p53 and Interaction between human Hsp 90 and
mutant p53 complex by hex (protein -protein docking )

Hsp90 | % Predicted Hydrop | % Similarity | % Similarity | %
co- Overall | Hydrophobic athy between between Similarity
chaper | hydrop | patch index predicted predicted between
one hobicit of the | hydrophobic | hydrophobic | predicted

y predicte | patch and patch and hydrophobi

d patch | LEVIYMI LVILLYE on | c patch and
on Middle C Terminal LMSLIIN

domain of domain of on N
Hsp90 beta Hsp90 beta Terminal
domain of
Hsp90 beta
wild | 20.6% THTLED 1.783 42.86% 42.86% 42.86%
type (Middle
p53 domain)

Table 11: Interaction between Hsp90 and wild type p53

For docking process BLAST,a similarity based search tool was used which compare query
sequence with the sequence stored in server and the sequence with highest score was considered
for the PDB id .In case of PDB id of wild type and mutant p53 .sequence are much similar
therefore they give similar sequence PDBid,but from the list of sequences first five was
considered and PDB id which is not similar and with highest score was taken. PDB id is required
for hex docking.Hex.6 is a software which help in docking of protein which predicts most stable
interaction with specific orientation on the basis of total free energy, and orientation with less E-
value give more stable protein-protein interaction. On the basis of total free energy it was found

that interaction of hsp90 with wild type p53 was more stable than mutated p53.
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Figure (12): Hsp90-mutant p53 (PDB id-1TSR) complex having docking
energy -579.67 .
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Figure(13): Hsp90-wild p53 type (PDB id 2BIM ) complex having docking energy -
1061.67
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Figure (14):Hsp90-wild type p53 complex having docking energy -516.16
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Figure (15):Hsp90-Mutant p53 complex having docking energy 510.1.
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Observation of inter molecular and intra molecular H-bonding in both figure

Figure (16-A) Hsp90-wild type p53

Figure (16-B) Hsp90-mutant p53
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CONCLUSION

The results from surface hydrophobicity plot, docking and charge distribution analysis of Hsp90,
wild type p53 and mutant p53, each parameter were compared .The result from hydrophobicity
plot and charge distribution analysis showed that mutant should interact with hsp90 better than
wild type. The docking result showed that binding efficiency of mutant p53 is less with respect
to wild type p53.This anomalous observation can be explained as it might be that due to more
hydrophobic patches it sometimes hide in the core of protein or the charge repulsion might have
occurred, or different type of folding in mutant p53 may be a reason for less interaction .Due to
less interaction potential of mutant p53 ,it cannot properly control the cell cycle regulation
mechanism and initiation of apoptotic cell death the way wild type p53 does which may lead to
the growth of tumour or cancer. Wild type p53 is a liable protein with high turnover rate; it is
degraded via proteolysis and the ubiquitin-proteasome pathway. Therefore only low
concentration of p53 resides in cell. The mutated form is not affected by proteolysis or

ubiquitination and accumulates in the cell causing tumour growth.
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