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Abstract: Hsp90o is a stress protein that acts as a molecular chaperone and is known to assist in the maturation, folding
and stabilization of various cellular proteins known as ‘client proteins’. However, the factors that drive the interaction be-
tween Hsp90a and its client proteins are not well understood. In the present investigation, we predicted the basis of the
different interaction of Hsp90a with both wild and mutant p53 and other client proteins. We have predicted that the pres-
ence of hydrophobic patches having substantial value of hydropathy index and a minimum percent similarity of hydro-
phobic patches between Hsp90a and its client proteins of 40 % is a necessary condition for client proteins to be recog-
nized by Hsp90a. We also predicted that the overall percentage hydrophobicity of client proteins more than 20 is a re-
quired condition for them to bind with Hsp90a. The docking energy of p53 with Hsp90a and with multi-chaperone com-
plex was also separately reported. We have reported from docking result that mutant p53 has a stronger interaction with
Hsp90 when associated with multi-chaperone complex than wild type p53 and this might be one of the causes of breast

cancer pathogenesis.
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INTRODUCTION

The molecular chaperone Hsp90 (heat-shock protein 90)
is a highly conserved, essential and abundantly available
(available 1-2% of total cellular protein), homo dimeric mo-
lecular chaperone found in the eukaryotic cells [1, 2]. Hsp90
is found in two isoforms; Hsp90o and Hsp90B [3]. The
Hsp900. has been found to be stress inducible and overex-
pressed in many cancer cells [3]. It is an essential heat shock
protein that is involved in the maturation and activation of
number of proteins known as client proteins [4]. Hsp90a was
also found to be involved in the maturation and stabilization
of wide range of oncogenic client proteins that are crucial for
oncogenesis and malignant progression [5, 6]. A large num-
ber of Hsp90a client proteins like transmembrane tyrosine
kinases such as Her-2, metastable signaling proteins like
Akt,, transcription factor like p53, chimeric signaling pro-
teins like Ber-Abl, cell cycle regulators (Cdk4, Cdk6), and
steroid receptors (androgen, estrogen, and progesterone re-
ceptors) have been shown to be wrongly regulated in cancer

[7].

In cancer cells, Hsp90a is mostly present as a multi-
chaperone complex whereas non-cancerous cells, they pre-
sent in an uncomplex state [8]. Hsp90a, despite its ubiqui-
tous nature and importance for cellular viability, has become
an important target for cancer therapeutics. Functionally, it
does not work alone but it is dependent upon a group of co-
chaperones in the client protein maturation in an
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ATP-dependent manner [9]. However, the mechanism by
which Hsp90a selectively binds to various client proteins has
not been well understood [10]. Thus, disrupting the complex
formed by Hsp90a and its specific client proteins in cancer
cells has been considered to be a potential therapeutic ap-
proach.

It is a multi-domain protein consisting of three domains:
an N-terminal ATP-binding domain (N); a middle domain
(M); and a C-terminal homo dimerization domain (C) con-
taining a tetratricopeptide repeat (TPR) protein binding mo-
tif. Its interaction with client proteins is regulated by a num-
ber of co-chaperones. Association of co-chaperones and cli-
ent proteins normally regulates the ATPase activity of
Hsp90a [11-14] which triggers the chaperone activity of
Hsp90a.

Although the whole mechanism of Hsp90a-mediated
folding and maturation of client proteins is not yet clear,
some information has already been reported by Felts and his
group [15]. A complex process which involves Hsp90a,
Hsp70, Hsp40 and HoP (in Human) has been documented by
many groups [15-17].

In the present communication, the interaction between
Hsp90a and co chaperones like p23, Ahal, Cdc37, Tran-
scription factor like p53 and kinases like Akt, Askl, Cdk2,
Cdk4, Cdk6, Cdkl1, DAPK2, ErbB2, Raf-1, B-Raf was in-
vestigated. We showed that client proteins and co-
chaperones contain hydrophobic patches and hence, they are
prone to bind with Hsp90a through hydrophobic interaction
to the hydrophobic patches present in different domains (C
Terminal, N Terminal, Middle domain) of Hsp90a. We also
concluded from our results that the percent similarity of se-
quence of hydrophobic patches between Hsp90a and its cli-
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ent proteins should have a cutoff value of 40 % and this was
the necessary condition for client proteins to be recognized
by Hsp90a. Through surface hydrophobicity plot, hydropho-
bic patches of Hsp90a and its clients were identified. It was
also found that a cut off of 20% overall hydrophobicity of
client proteins was required for being recognized by
Hsp90a.Using the Hex docking software it was demon-
strated that mutant p53 has a higher affinity to Hsp90a when
it exists in multi-chaperone complex.

METHODS

Bioinformatics Tools Used for Prediction of Hydrophobic
Patches in Hsp90o Client Proteins and Interacting
Amino Acid Sequences Between Hsp90 and its Client
Proteins in Human

Amino acid sequence of proteins: Amino acid se-
quences of Hsp90a, its client proteins and p53 mutant pro-
teins were retrieved from SWISS PROT. The two p53 mu-
tants are found in breast cancer cell lines MCF-7 and T47D.

Retrieval of 3-D protein structure from protein data
bank (PDB): We have retrieved 3-D structure of proteins
from protein data bank (PDB) which has a fixed PDBid.
Human wild type p53 having PDBid-20CJ, mutant p53
(N239Y) having PDBid-2QXC and mutant p53 (N235Y)
having PDBid-2QXB and Human Hop-Hsp70 complex hav-
ing PDBid-1ELW are retrieved from protein data bank
(PDB).

Identification of Hydrophobic patches by Surface
Hydrophobicity plot: Kyte-Doolittle is an online software
widely applied scale for determining hydrophobic character
of a protein [18]. Regions with values above ‘0’ are hydro-
phobic in character. Setting window size to 5-7 is suggested
to be a good value for finding putative surface-exposed re-
gions. Window size refers to the number of amino acids ex-
amined at a time to determine a point with hydrophobic
character.

Estimation of Hydropathy index using grand average
of hydropathy (GRAVY) Value by ProtParam Tool:
ProtParam is a tool which allows the computation of various
physical and chemical parameters for a given protein stored
in Swiss-Prot or TTEMBL or for a user entered protein se-
quence [18]. The computed parameters include molecular
weight, theoretical pl, atomic composition, extinction coeffi-
cient, estimated half-life, instability index, aliphatic index
and grand average of hydropathicity (GRAVY). The
GRAVY value of a protein here was calculated by adding of
hydropathy values of all the amino acids divided by the
number of residues in the sequence.

Estimation of Overall percentage of Hydrophobicity
using SAPS (Statistical Analysis of Protein Sequences):
SAPS evaluates a wide variety of protein sequence proper-
ties by statistical criteria [19]. Properties that were consid-
ered include compositional biases, clusters and runs of
charge and other amino acid types, different kinds and ex-
tents of repetitive structures, locally periodic motifs, and
anomalous spacings between identical residue types. Overall
percentage of hydrophobicity was defined as the ratio of x/n,
where ‘x’ is the number of amino acids having high hydro-
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phobicity value (L, V, I, F, M) and ‘n’ is the total number of
amino acids in the sequence.

Similarity of hydrophobic patches between Hsp90a
and its client protein: Percent similarity of hydrophobic
patches between Hsp90a and its client protein was calculated
using Ident and Sim tool. In this study, amino acid interac-
tion of a similar kind (Hydrophobic- Hydrophobic, identical
charged-charged) was allowed.

Prediction of 3-dimensional protein structures of by I-
TASSER (Iterative Threading ASSEmbly Refinement
program): It predicts the 3 dimensional structure of protein
based on Confidence score and TM-Score. We have modeled
middle domain of Hsp90a. through I-TASSER software (On-
line 3-D Protein Structure Prediction) having C Score 1.59
and TM-Score 0.94+-2.4.

Protein- Protein Interactions by Hex5.0: Hex is an in-
teractive molecular graphics program developed by Dave
Ritchie for estimating docking energy [20]. It is very useful
for docking of protein and ligand molecules. Hex 5.0 carries
out all forms of docking such as rigid, flexible and semi
flexible docking. It calculates the intermolecular “energies”
by adding up all intermolecular interactions (e.g. Vander
Waals, electrostatic) that occur between a ligand and protein
targe. Hex Server has an easy-to-use form-based interface,
through which users may upload a pair of protein structures
in PDB format through Hex software. We have performed
docking between middle domain of human Hsp90 and wild
type p53 as well as both mutant pS3. The "Final Search"
entry box is used to specify the main expansion order N.
Although the default value of N=25 is usually applied. All
the proteins were docked for 100 conformations. The dock-
ing energy was calculated. The lowest energy was reported
to be the fit as it implies the strongest affinity and stability.

RESULTS

Identification of hydrophobic patches in human
Hsp90a and its co-chaperone: Hydrophobic patches pre-
sent in Hsp90a and its cochaperone (p23, Ahal, Cdc37 and
Hsp70) were identified through Surface Hydrophobicity Plot
with Kyte-Doolittle scale and using a window size 7. We
found three different hydrophobic patches present in Hsp90,
N-Terminal, C-Terminal and Middle domain. Hydrophobic
patches and its location in Hsp90a cochaperones were also
predicted (Table 1).

Identification of hydrophobic patches in Hsp90a Cli-
ent Proteins (Transcription Factor): Hydrophobic patches
present in Hsp90a client protein p53 (Transcription Factor)
were also identified. These patches were present in Middle
domain of p53 (Table 1) and we also calculated % overall
hydrophobicity and hydropathy index of Hsp90a (Table 2).

Hydropathy index of Hsp90a was also estimated accord-
ing to the grand average of hydropathy (GRAVY) Value by
ProtParam Tool and shown in (Table 2).

Interaction of p23, Ahal and Cdc37 with Hsp90a: A
cut-off value of the interaction between Hsp90a (predicted
hydrophobic patches) and the binding site of its co-
chaperones on the Hsp90a protein [% Similarity] was con-
sidered to be 40%. Based on our assumption we have
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Table 1. Predicted Hydrophobic Patch in Hsp90a and its co-chaperone in human
Chaperone Predicted Hydrophobic Patch Location of Patch
AFQAEIAQLMSLIINTFY SNKEIF N Terminal
Hsp90a FSVEGQLEFRALLFVPRRAPFDL Middle domain
KNDKSVKDLVILLYETALLSSGF C Terminal
Co-chaperones
Ahal DENSVDEVEISVSLAKDEPDTNL N Terminal
p23 NFEKSKLTFSCLGGSDNFKHLNE N Terminal
Cdc37(p50) EQVAHQTIVMOQFILELAKSLKVDP C Terminal
Harc QNHVPHSGVGSIGLLESLPQNPDYL C Terminal
Hsp70 INPDEAVAYGAAVQAAILMGDKSE Middle domain
Client protein
p53 GMNRRPILTHOTLEDSSGNLLG Middle domain
Table2. Hydropathy Index of Predicted Hydrophobic Patch in Hsp90a in human
Chaperone % Overall Hydrophobicity Hydropathy Index of the predicted patch
Hsp90o. 26.6% 2.029 (LMSLIIN), 2.100 (FRALLFV), 2.186 (DLVILLY)

identified a hydrophobic patch “TESCLG” located in the N
terminal domain of p23 which interacted to N-terminal do-
main of Hsp90a (Table 3) and the value of % similarity was
42.86. Similarly, it was observed that in the N terminal do-
main (1-153) of Ahal, a hydrophobic patch “VEISVSL”

(predicted hydrophobic patches) and its kinases binding site
on the Hsp90a protein [% Similarity] was also considered as
40%. Based on our assumption we have identified kinases
like Askl,B-Raf,Raf-1 having a hydrophobic patch
“VQVVLFG” (C terminal domain), “FGIVLY” (C terminal

was identified with a % similarity value of 42.86 which in-
teracted with the middle domain of Hsp90a (Table 3). A
hydrophobic patch “VMQFIL” having a percent similarity
of 57.14 was also identified in the C terminal domain (138-
378) of Cdc37 and this patch was responsible to interact with
N terminal domain of Hsp90a (Table 3).

Hsp90a binds to wild type p53: We have considered a
cut-off value of the interaction between Hsp90a (predicted
hydrophobic patches) and wild type p53 binding site [%
Similarity] was 40%. In the middle domain of wild type p53,
a hydrophobic patch LTIITL having % similarity 50.00 was
identified which interacted with middle domain of Hsp90
(Table 4).

Prediction of Hsp90o-Hsp70 interaction and Hsp90a-
Hsp40 non-interaction: Hydrophobic patch present in mid-
dle domain of Hsp70 was predicted which interact with hy-
drophobic patch of the middle domain of Hsp90a (Table 4).
When hydrophobic patches for the interaction between
Hsp90a and Hsp40 were predicted of three different do-
mains, interestingly the maximum % similarity was found to
be 28.57 and this was much below the cut off value of 40%
(Table 4).

Interaction of various kinases and Hsp90a: The loca-
tion of the hydrophobic patch in various kinases was also
predicted. A cut-off value of the interaction between Hsp90a

domain), “VGIVLYE” (C terminal domain), respectively
(Table 4) which interact with middle domain of Hsp90
(Table 4) and the maximum value of % similarity was 71.43.
Similarly, when the interaction of other kinases like Akt,
Cdk2, Cdk4, Cdk6, Cdk11, DAPK2, ErbB2 with the middle
domain of Hsp90a was monitored, the value of % similarity
was observed to be 50.00% (Table 5). We have identified
hydrophobic patches in kinases and they are shown in Table
5.

Predicted charged patch of TPR Motif in co-
chaperones: TPR Motif sequences of Hsp90a co-
chaperones were retrieved from SWISS PROT. Charged
patches in TPR Motif co-chaperones by surface hydropho-
bicity plot were predicted (Table 6). Regions with values
below 0.0 are hydrophilic in character. Window size was set
to 5-7 as it was suggested to be a good value for finding pu-
tative surface-exposed regions containing charged patches.
Window size refers to the number of amino acids examined
at a time to determine a point with hydrophilic character.
These charged patches interacted with EEVD on C Terminal
domain of Hsp90a. Some TPR Motif of co-chaperones
which interacted with EEVD of C Terminal domain of
Hsp90a, did not have charged patch. % similarity between
predicted charged patches in TPR domain of co-chaperones
and EEVD on C Terminal domain of Hsp90a was calculated
(Table 7).
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Table3. Interaction of Co-Chaperones Like p23, Ahal and Cdc37 with Hsp90a
. Predicted. Hydropathy % Similarity between % S.imilarity betweel.l % S.imilarity betweel.l
% Overall Hydrophobic . . . predicted hydrophobic predicted hydrophobic
Hsp90 co- . index of the predicted hydrophobic
hydrophobic- Patch . patch and DLVILLY on patch and LMSLIIN on
chaperone . predicted patch and FRALLFYV on . . . .
ity (Located . . C Terminal domain of N Terminal domain of
. patch Middle domain of Hsp90
Region) Hsp90 Hsp90
TFSCLG
23 23.1% 1.200 14.29% 28.57% 42.86%
P ° (N Terminal) ° ° °
VEISVSL
Ahal 25.4% S S 1.657 42.86% 28.57% 28.57%
(N Terminal)
d VMQFIL
Cde37 23.8% Q . 2.283 14.29% 28.57% 57.14%
(p50) (C Terminal)
Wild tvpe LTITL
! Sgyp 20.6% (Middle 1.783 50 % 42.86% 42.86%
P domain)
YGAAVQA
Hsp70 26.7% (Middle 0.629 71.43% 57.14% 28.57%
domain)
TFASFF, 28.57% 14.29% 14.29%
Hsp40 24.7% FDIFFAS 1.450, 1.867 oo T I
. 28.57% 28.57% 14.29%
(N Terminal)
Table4. Predicted Hydrophobic Patch of Hsp90a client proteins (Kinases) in human
Kinases Predicted Hydrophobic Patch Location of Patch
Akt DRARFYGAEIVSALDYLHSEK Middle domain
ASK1 DSHGISQVQVVLFGFQDAVNK C Terminal
Cdk2 SLLKELNHPNIVKLLDVIHTEN N Terminal
Cdk4 ARIYSYQMALTPVVVTLWYRA Middle domain
Cdké YSFQMALTSVVVTLWYRAPEV Middle domain
Cdk11 HKVKPDSKVFLLLOKLLTMDP Middle domain
ErbB2 DGENVKIPVAIKVI.RENTSPKANK Middle domain
B-Raf PYSFQSDVYAFGIVLYELMTGQLPYS C Terminal
RNEVAVLRKTRHVNILLFMGYMTKDNL Middle domain
Raf-1
DNNPFSFQSDVYSYGIVLYELMTGELPYS C Terminal
EPLGLEADMWSIGVITYILLSGASPFLGDT N Terminal
DAPK2
CCYDYFAANDPTSIHVVVFSLEEPYEIQLN Middle domain

Interaction study between Hsp90a and wild type p53:
3D structures of human wild type p53 (PDBid- 20CX) as
well as mutant p53 (N239Y) having PDB id- 2QXC and mu-
tant pS3 (N235Y) having PDB id- 2QXB were retrieved
from protein data bank. Middle domain of Human Hsp90a
was docked with wild type p53 as well as with both mutant
p53 using Hex software. It was observed that Hsp90a
formed complex with wild type pS3 with a docking energy
of -636.75 (Etotal) (Table 8 and Fig. 1) while mutant p53
(N239Y) and mutant p53 (N235K) formed complex inmid-

dle domain of human Hsp90a with a docking energy of -
484.68 and -399.67 (Etotal), respectively (Fig. 2 & 3). Table
8 shows docking energy of interaction between various pro-
teins/complexes and p53 molecule.

Strong Interaction between Hsp90o and mutant p53
through forming multi-chaperone complex: 3D structure
of human Hop-Hsp70 complex having PDB id 1ELW was
taken from Protein Data Bank. By Hex5.0 software we have
docked the middle domain of human Hsp90a and
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TableS. Prediction of Interaction Between Hsp90 and client proteins (Kinases)
. % Similarity between % Similarity between
. % Similarity between . ) . )
Hsp90 client . . ) predicted hydrophobic predicted hydrophobic
i % Overall Hydropathy index of predicted hydrophobic
proteins . . patch and DLVILLY on patch and LMSLIIN on
. hydrophobicity the predicted patch patch and FRALLFYV on . . . .
(Kinases) . . C Terminal domain of N Terminal domain of
Middle domain of Hsp90
Hsp90 Hsp90
Akt 27.5% 1.333 50.00 % 42.86% 42.86%
Askl 29.3% 2.486 71.43% 42.86% 42.86%
Cdk2 33.2% 1.871 57.14% 42.86% 42.86%
Cdk4 30.4% 1.914 57.14% 42.86% 28.57 %
Cdké 31.0% 1.733 57.14% 42.86% 28.57 %
Cdk11 23.1% 1.514 57.14% 42.86% 14.29 %
DAPK2 31.1% 2.186 57.14% 42.86% 28.57%
ErbB2 25.7% 1.957 57.14% 42.86% 42.86%
57.14%, 42.86%, 42.86%,
Raf-1 27.5% 2.5,0.857 ’ ° ’
71.43% 57.14% 42.86%
B-Raf 26.4% 2.267 71.43% 57.14% 28.57%
Table 6. Predicted charged patch of TPR Motif in Co-chaperones
Co-chaperone TPR Motif Predicted charged patch which interact to EEVD on C Terminal domain of Hsp 90
Hop TPR2A, TPR2B NRED, NKG
FKBP52 TPR1, TPR2, TPR3 KEGK,0,0
FKBP51 TPR1, TPR2, TPR3 REY,0,0
FKBP8 TPR1, TPR2, TPR3 0,0, QGEY
FKBP36 TPR1, TPR2, TPR3 0,0, QKEQ
Cyclophilin-40 TPR1, TPR2, TPR3 0,0, AQG

Tom70 TPR1-TPR10 QDL(TPRY), AlL 0
XAP-2 TPR1, TPR2 NRLY,0
NASP TPR1, TPR2, TPR3 0, ENY,0
‘WISp39 TPR1, TPR2, TPR3 ERAR,0,0
DnaJC7 TPRI1-TPR10 EDG(TPRY), AlL 0
GCUNC-45 TPR1, TPR2, TPR3 KEG,0,0
CHIP TPR1, TPR2, TPR3 0,QQHE,0

Hop-Hsp70 complex. Further, wild type p53 (PDB id-
20CX) was docked with Human Hsp90a-Hop-Hsp70 (mid-
dle domain of Hsp90a) complex and the docking energy was
estimated to be -446.28 (Table 8 and Fig. 4). Similarly, mu-
tant p53 (N239Y) having PDB id- 2QXC and mutant p53
(N235Y) having PDB id- 2QXB were docked with human
Hsp90a-Hop-Hsp70 (middle domain of Hsp90) complex
which produced a docking energy of -718.16 and -748.12
(Table 8 and Fig. 5 and 6).

DISCUSSION

In the present investigation, the interaction between

Hsp90a and its various client proteins like p53 and kinases
was studied in silico. The presence of single or multiple hy-
drophobic patches in the amino acid sequence was predicted
to be an important factor for client proteins to be recognized
by Hsp90a (Table 1, Table 7). Here, based on our prediction,
we concluded that the presence of hydrophobic patches hav-
ing substantial degree of hydropathy index and percent
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Interaction of Hsp90a (Charged Patch EEVD) and its TPR Motif of Co-chaperone (Predicted Charged Patches)

TPR Motif containing
co-chaperone

TPR Motif Present in
co-chaperone

% Similarity between predicted Charged patch in TPR domain of co-chaperone and
EEVD on C Terminal domain of Hsp90a

Hop TPR2A, TPR2B 50.00 % (All)
FKBP52 TPR1, TPR2 ,TPR3 50.00% (TPR1)
FKBP51 TPR1, TPR2 ,TPR3 25.00% (TPR1)
FKBP8 TPR1, TPR2 ,TPR3 25.00% (TPR3)
FKBP36 TPR1, TPR2 ,TPR3 50.00% (TPR3)

Cyclophilin-40 TPR1, TPR2 ,TPR3 50.00% (TPR3)

Tom70 TPR1- TPR10 75.00% (TPR9)
XAP-2 TPR1, TPR2 ,TPR3 50.00% (TPR1)
NASP TPR1, TPR2 ,TPR3 50.00% (TPR2)
‘WISp39 TPR1, TPR2 ,TPR3 50.00% (TPR1)
DnaJC7 TPR1- TPR10 75.00% (TPR7)
GCUNC- 45 TPR1, TPR2 ,TPR3 50.00% (TPR1)
CHIP TPR1, TPR2 ,TPR3 75.00% (TPR2)

Table8. Docking Results of wild and mutant p53 with Hsp90a and Multi-chaperone complex (Hsp70-Hop- Hsp90a)

Protein/complex Hsp90a Hsp70-Hop-Hsp90a
Wild type P53 -636.75 -446.28
Mutant P53( N239Y) -484.68 -718.16
Mutant p53 ( N235K) -399.67 -748.12

Frame Rate: 1

Fig. (1). Hsp90 - wild type p53 complex having docking energy -636.75.
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Fig. (3). Hsp90o-mutant p53 (N235K) complex having docking energy -399.67.

similarity of minimum 40% between hydrophobic patch of
Hsp90a and its client proteins was a necessary condition for
client proteins to be recognized by Hsp90a (Table 3). We
also observed that the overall percentage hydrophobicity of
these client proteins was more than 20%.

It was also observed that there was 71.43% similarity in
hydrophobic patches between predicted hydrophobic patch
in middle domain of Hsp90a and Hsp70 (Table 3) and this
was the highest value among all. The reason was perhaps
due to the interaction between two key molecular chaperones
Hsp90a and Hsp70 which work together in cells. Interest-
ingly, the value was only 28.57% between Hsp90a and
Hsp40. This fact perhaps predicted that Hsp90a possibly

directly interacts with Hsp70 not with Hsp40 or obeys a pri-
ority while interacts. Since Hsp40 is a co-chaperone of
Hsp70, the result confirmed our agreement.

It is also a well known fact that cellular chaperones and
substrate binding take place through hydrophobic interaction
[21, 22]. It was also evident from our results that good
amount of hydropathy index was required for a client to in-
teract with Hsp90o. Here we observed that hydropathy index
was an important factor to define the binding of client pro-
teins to Hsp90a because a cut off hydropathy index value of
1.2 was found in all client proteins of Hsp90a (Table 3).
However, in case of client proteins like kinases the cut off
went up to 1.5 (Table 5) indicating the fact that kinases
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Fig. (5). Hsp70-Hop-Hsp90- mutant p5S3 (N239Y) complex having docking energy -718.16.

perhaps interact with Hsp90a. strongly and their function and
stabilization are highly dependent on Hsp90a function.

When % similarity between predicted charged patch in
TPR domain of co-chaperone and EEVD on C-Terminal
domain of Hsp90a was estimated, it revealed that in most of
the cases the average value was 50% (Table 7). The high
value is indicative of stronger binding affinity and hence co-
chaperones must be involved in the chaperoning process
along with Hsp90a to work on various client proteins.

The docking energy was also calculated when wild and
two different mutant p53 were docked with Hsp90a by

Hex5.0 software. The similar study was also performed be-
tween chaperone complex (Hsp70-HoP-Hsp90a) and wild
and mutant p53. The results revealed that wild type p53 has
higher binding affinity to Hsp90o than mutant version p53
(Table 8). More negative value of docking energy indicated
higher stability or binding affinity. However, the reverse fact
was observed when chaperone complex was considered dur-
ing docking in place of Hsp90a alone (Table 8).

Our result helps us to understand that the chaperoning
function of Hsp90a completely depends on the formation of
multi-chaperone complex which perhaps triggers a confor-
mational change in Hsp90a. This change possibly creates
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Fig. (6). Hsp70-Hop-Hsp90- Mutant p53 (N235K) complex having docking energy -748.12.

significantly high amount of hydrophobic patches on its sur-
face which further drives various client proteins to bind with
Hsp90a. And in the similar way p53 binds with Hsp90a.
However, mutant p53, due to the mutational effect also cre-
ates high amount of surface hydrophobicity (that normally
exists in misfolded state) and that is the reason why the bind-
ing energy of mutant p53 and Hsp90a interaction in chaper-
one complex was found higher than wild type p53.

CONCLUSION

It was clear from our investigation that a mini-
mum/threshold level of overall hydrophobicity (20%) and
hydropathy index (minimum 1.2) was required for client
proteins to be recognized by Hsp90a. The minimum percent
similarity of hydrophobic patches between human Hsp90a
and its client protein was found to be 40 % and this was con-
cluded to also be a necessary condition for client protein to
be recognized by Hsp90a. From our molecular docking re-
sults we concluded that when Hsp90o was in free state (not
in chaperone complex), wild p53 showed higher binding
affinity than mutant p53 and the reverse was observed when
Hsp90a was in chaperone complex. The fact indicates that
complex formation between Hsp90a and client protein as
well as co-chaperones is essential for a successful chaperone
action by Hsp90a on the client proteins.
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