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Abstract

Background: Effective drug binding to its specific receptor determines the therapeutic effect. Tumor cells employ Heat
Shock Protein 90 (Hsp90) to survive as Hsp90 prevents apoptosis. The protein is the top expressed protein among
others. This expression rate further increases in tumor cells and provides a fine target for drug design. However,
mutations and copy number variations, single nucleotide polymorphisms of the target gene as well as strong binding of
therapeutic agents to the target provide adverse effects.

Aims: This work investigates HSP90 interaction with common inhibitor geldanamycin through key mutations to
understand possible effects.

Methods: In silico analysis by YASARA software was employed to reveal interactions between HSP90 WT and its mutant
along with geldanamycin.

Results: One key inhibitor-resistant critical residue interaction was monitored for each cytosolic HSP90 isoform. The
residues are at critical positions during conformational changes and at the mutated regions of the protein. However,
finely designed geldanamycin still tolerates its binding to HSP90.

Conclusion: HSP has no introns and may seem non-mutable, but designing inhibitors by considering structural
alterations increases the effectiveness of the drug candidates and limits side effects through in silico experiments.
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1. Introduction

Cancer cells survive with distinct mechanisms. The cells not only induce mutations at checkpoints, tumor suppressor
genes but also trigger the expression of Heat Shock Proteins (HSP). Hsp plays essential biochemical roles and in tumor
biology as Hsps fold substrate proteins. The native state of a protein determines its biochemical activity, therefore,
protein homeostasis is important to maintain their biologically active conformation [1]. Signaling molecules at tumor
cells play key roles in proliferation, growth, and metastasis. Due to control mechanisms, cancer cells tend to force
proteins to be mutated and the folding burden of these mutated substrate proteins forces more folder protein (Hsp)
expression. The result of the process is two-fold: substrate protein folding to its native state and prevention of apoptosis
through Hsp proteins [2]. Hsp family consists of different family members and is named after their molecular weight:
Hsp27, Hsp40, Hsp60, Hsp70, Hsp90, Hsp100. Hsps coordinate and cooperate to form distinct functions. Hsp70 has 13
members and Hsp40 has 60 members known. Each forms different Hsp70-Hsp40 complexes for distinct functions [3].

* Corresponding author: Servet Tunoglu
Department of Molecular Medicine, Aziz Sancar Institute of Experimental Medicine, Istanbul University, Istanbul, Turkey.

Copyright © 2021 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0.


http://creativecommons.org/licenses/by/4.0/deed.en_US
https://frontiersrj.com/journals/ijfbpr/
https://doi.org/10.53294/ijfbpr.2021.1.2.0045
https://crossmark.crossref.org/dialog/?doi=10.53294/ijfbpr.2021.1.2.0045&domain=pdf

These universally conserved proteins among organisms ranging from Archaea to Homo sapiens are interesting to drug
designers. Under physiological conditions and stress, Hsps or so-called chaperones not only fold proteins but also
prevent protein aggregation and play essential roles in intracellular protein transport. Hsps are intronless and this may
make them resistant to mutants. However, cancer cells are effective and may even mutate tumor suppressors. Therefore,
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mutational work on Hsps is essential [4].

Hsp structures are generally formed from two distinct domains: ATPase domain and substrate protein folding domain.
Hydrolysis of ATP provides energy for conformational changes of substrate protein binding domain and opening-closing
of the domain provides a closed space for proper folding. The closed environment provides a hydrophobic region and
this is ideal for substrate protein folding. However, not all Hsp structures depend on ATP hydrolysis. However,
coordination and cooperation of proteins are required [5]. Hsp70 process unfolded proteins by seven residues per
action and submit that to Hsp90 where the 30 kDa substrate protein may be folded to the native structure. Hsp40
cochaperone along with Hip/Hop proteins play essential roles at Hsp70-Hsp90 coordination. Further, nucleotide
exchange factors play a fine role in removing ADP from the pocket so that a new cycle may start. If the substrate may
not be folded simultaneously then the substrate is forwarded to degradation by the proteasomal system. This process

is decided through the Hsp system as well [6].

Score Expect  Identities Gaps Stran
1536 bits(1703) 0.0 1645/2167(76%) 14/2167(0%) Plus/Plus
Query 34 ATGGAGGAGGAGGAGGTT! TTGCCCAGTTGATGTCA 93
S ||l||| IIIIIIIIII Illll [1 IIlIIIIIIIIIIIIlIIIIlII LI
Sbjct 20 CAGGCAGAAATTGCCCAACTCATGTCC 78
Query 94 GATCATCAAYACTTT( ACTCGAACAAAGAGATCTTTCT GAGAGAECICATTTCAAAT 153
IIilIIIIIIIIIIIIIéIlIIIIIIIlIIII L L]
Sbjct 79 CTCATCATCAATACCTTCTATTCCAACAAGGAGATTTTCCTTCOGGAGTTGATCTCTAAT 138
Query 154  TCATCAGATGC. GACAGATCCCAGTAAATTAGAC 213
I 1] lIIll lIIllIIl II ll IHII IH IIIIIII It
Sbjct 139 GCTTCTGATGCCTTGGACAAGATTCGCTATGAGAGCCTGACAGACCCTTCGAAGTTGGAC 198
A
Sbjct 199 GAAAATTGACATCATCCCCAACCCTCAGGAACGTACCCTGACTTTG 258
Query 274 CCAAGGCTGAC YTGAT(AAYAA[CTYGGTACTAY(GCC 333
g ||||l| IIIIIHIIIIIIH IH[I LAL L LI HLf] L]
Sbjct 259 GACCAAAGCTGATCTCATAAATAATTTGGGAACCATTGCC 318
Query 334 CATGGAAGCTTTGCAGGCTGGTGCAGATATCTCTATGATT 393
. IIIIIIII Il IIIH III]II[I IH | C‘&IIIIIHIII 1L LT
Sbjct 319 GCAGACATCTCCATGATT 378
Query 394 GGCCAGTTCGGTGTTGGTTTTTATTCTGCTTATTTGGTTGCTGAGAAAGTAACTGTGATC 453
LU LULLE RULLRLEL LLEEEEEEEE L DL LD LD T T
Sbjct 379  GGGCAGTTTGGTGTTGGCTTTTATTCTGCCTACTTGOT! 56( GAGAAAGTGGTTGTGATC 438
Query 454 CCAAACATAACGATGATGAGCAGTACGCTTGGGAGTCCTCAGCAGGGGGATCATTCACA 513
II II lI IIIIIIIIIII lIIH IllIIIIHII DL TL LT HHL
Sbjct 439 ACAACGATGATGAACAGTATGCTTGGGAGTCTTCTGCTGGAGGTTCCTTCACT 498
Ty I T
Sbjct 499  GTGCGTGCTGACCATGGTGAGCCCATTGGCAGGGGTACCAAAGTGATCCTCCATCTTAAA 558
Query 574  GAAGACCAAACTGAGTACTTGGAGGAACGAAGAATAAAGGAGATTGTGAAGAAACATTCT 633
. IIlII II Il Illlll OO B A L O E RN M IIHII
Sbjct 559 CTAGA GGGTCAAAGAAGTAGT ATT 618
Query 634 CAGTTTATTGGATATCCCATTACTCTTTTTGTGGAGAAGGAACGTGATAAAGAAGTAAGC 693
NI IR |||||||||||l| || 11111 | II
Sbjct 619  CAGTTCATAGGCTATCCCATCACCCTTTATT TGGAGAAGGAACGAGAGAAGGAAAT 678
Query 694 gaa IFACAIRIIRIILADDD 1aga9gaRa2gAG 753
IIlIIIlIIII II TULLTE LT TE - L LT T
Sbjct 679  GATGATGAGGCAGA----- AAGAGAAAGGTGAG - - - AMGAAGAGGAAGATAAAGAT 729
Query 754  TCGGAAGACAAA AAGATGTTGGTTCTG asggat 813
; IIIII IIIII | II IIIIIIII IIIII IIIIIIII II lI T
Sbjct 730 GAAGAAAAACC GACA-GCGGTAA 788
Query 814 acaagaagaagaagaagaagattaaggaaaagTA( TCAAGAAGAGCTCAA 872
2 7] I ST TR T T TN T IlIII IIII[ 11 Il Il
Sbjct 789 A AAACTAAGAAGATCAA ARTA( A 848
Query 873  CAAAACAAAGCCC GGACCAGAAATCCCGACGATATTACTAATGAGGAGTACGGAGA 932
" |||||||H|||l||lll||l||ll|||| |II| lll|||||||||l
Sbjct 849  CAAGACCAAGC! GAAACCCTGATGACATCACCCAAGAGGAGTA 9e8
Query 933  ATTCTATAAGAGCTTGACCAATGACTGGGAAGATCACTTGGCAGTGAAGCATTTTTCAGT 992
IIIIII LI I II lIIIIIIIIlIIII IIIIIIIIIII LELEL LT
Sbjct 989  ATTCTACAAGAGCCT! GGCAGTCAAGCACTTTTCTGT 968
Query 993 AGAGCCCTTCTATTTGTCCCACGACGTGCTCCTTTTGATCT 1852
IIIII IIIIIIIIH PLLEE DL L TE L EE LELEL LR ]
Sbjct 969  AGAAGGTCAGTTGGAATTCAGGGCATTGCTATTTATTCCTCGTCGGGCTCCCTTTGACCT 1028
Query 1053 CATCAAATTGTATGTACGCAGAGTTTTCATCAT 1112
2 IIIII 11 IIHIIII!IIllIIHIIII LULLEL L L AL LLELLL
Sbjct 1829 TTTTGAGAACAAGAAGAAAAAGAACAACATCAAACTCTATGTCCGCCGTGTGTTCATCAT 1088

Score

1536 bits(1703) 0 0

Query
sbjct
Query
Sbjct
Query
sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
sbjct
Query
Sbjct
Query
sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
sbjct
Query
Sbjct
Query
Shjct
Query
sbjct
Query
Sbjct
Query
sbjct
Query

Shict

1113 GGA'

1089
1173
1149
1233
1209
1293
1269
1353
1329

1412 G

1388
1472
1448
1532
1508
1592
1568
1652
1628
1712
1688

1772 GAT

1748

1832 AGA(

1808
1892
1868
1952
1928
2012
1988
2072
2048
2132
2108
2192

2168

xpect Identities

1645/2167(76%) 14/2167(0%)

TAACTGTGAGGAGC TAATCCCTGAATATCTGAACTTCAT TAGAGGGG
lll O L I
GGACAGCTGTGATGAGT TGATACCAGAGTATCTCAATTTTATCCGTGGTG

GGAGGATCTCCCTCTAAACATATCCCGTGAGATGTTGCAACAAA

IHHIH [0 L LLELE T E T ] II || ||l||||l IHIIIH
CTGCCCCTGAACATCTCCCGAGARATGCTC

TCAAAAAATGCTTAGAACTCTTTACTGAAC

TGGCGGAAGA
H llll IIIII I LT L IIIIIHIII!II[H
CATTCGCAARAACATTGT TAAGAAGTGCCTTGAGCTCTTCTCTGAGC TGGCAGAAGA

TAGACTC
Il

1
LTI
TGGTTGACTC

CTATGAGCAGTTCTCT.

\GAAATTCT, TAAAGCTT ACGA
l| Il lllllllllllllllll LI | IIIIHIHII Hlll
TACAAGAAATTCTATGAGGCAT TCTCTAAAAATC TCAAGC TTGGAATCCACGA

Pt e i
AGACTC - CACTAACCGCCGCCGCCTGTCTGAGCTGCTGCGCTATCATACCTCCCAGTCTG

ARARACA
]
T

llllllllﬁﬁnﬁlﬂ IIHCG(A?“IGA?IIIIIIIII IIIH rI
GAGATGAGATGACATCTCTGTCAGAGTATGTTTCTCGCATGAAGGAGACACAGAAGTCCA

TCTATTATATCACAGGTGA( GGTAGCTAACTCAGCCTTTGTGGAACGTC

GACCAAGGACCAGGTAG
TLLLELL LEELE LT III II IIIII II ||||||Il lIIllIll II
TCTATTACATCACTGGTGAGAGC

YYAGAAGYGAYCYAYAYGAYTGAG( YYGAYGAGYA(YGYGYCC

TGGH
HIII LI L L IIIIIlIIIIl IIIHIIIHI
GAGGTGGTATATATGACCGAGCCCATTGACGAGTACTG

TCGGAAACA
l IIIIIII

TTTAGTGTCAGTCACCAAAGAAGG!

GAGGGGAAGAC
l HHI IIIIIHIIH L | II UL L 1) H HIH |
\GCAGC TCAAGGAATTTGATGGGAAGAGCCTGGTCTCAGTTACCAAGGAGG

a3
|1

iR aEn s n e msyntihn;
5(( GMG GA GGAGAAGAAGAAGATGGAAG AAAGTTTGAGAACC
GG‘TGIG}TA??CC
TCTCCAATA

TTGGAGAAARAAGT T
IIIIIIIIII II (I

l LILEE LI
TCTGCAAGCTCATGAAAGAAATCTTAGATAAGAAGG T TGAGAAGGTGACAA

|1

TGGT CATATGGC TGGACAGCAAACAT
LALE L LD AL P T L IIIII LU LLELCLIELEL T 1L
GACTTGT!

L]
GTCTTCACCTTGCTGCATTGTGACCAGCACC TACGGC TGGACAGCCAATATGG

TACATGGCAG
ATL éATGééCA

AAGGCAAAAGGCAG
IIII 11111 I
GGCAGAAGGCTG

G? GACATCTCCATGCTGTATTGTCACAAGH
G

éGAIIlIIIII Il lI II II I| |II|
TCATGARAGCCCAGGCAL TT(GGGA AR rccAccArccc

AAACCCTGACCATTCCATTATTGAGACCTT!

AGAAACAC
I |1 illllllllll IIIIIIIIIII [ LT )
GACCACCCCATTGTGGAGACGCTGC

GATAAGAACGACAAGTCTGTGAAGGATCTGGTCATCTTGCTTTATGAAACTGCGC
llll lI !I!ll ll III DAL TLEEE VL L REEE L T
GGCAGTTAAGGACCTGGTGGTGCTGCTGTTTGARACCGCCC

Hiiititinthes i niinnnanssmatiiem
TGCTATCTTCTGGCTTTTCCCTTGAGGATCCCCAGACCCACTCCAACCGCATCTATCGCA

TGATCAAACTTGGTCTGGGTATTGATGAAGATGACCCTACTGC TGATGATACCAGTGCTG
LLELELL L LT lIIIIIIIIIIIIIIII | ININ] lll I
TGATCAAGCTAGGTCTAGGTA CAGCAGAGGAACCCAATGCTG
GTAACTGAAGAAAT GCCAC GAAGGAGATGACGACACATCA! c
lAA YT Ié él UL L L L]
TTCCTGATGAGATCCCCCCTCTCGAGGGCGATGAGGATGCGTCTC
i i

ICGATIA 2174

TGGAAGAAG
IIIIIIIIIII
GCATGGAAGAAG

Strand

Plus/Plus

1172
1148
1232
1208
1292
1268
1352
1328
1411
1387

A 1471

1447
1531
1507
1591
1567
1651
1627
711
1687
1771
1747

GG 1831

1807
1891
1867
1951
1927
2011
1987
2071
2047
2131
2107
2191
2167

Hsp isoforms also exist at different parts of the cell-like cytosol, mitochondria, and ER. Further, distinct isoforms may
exist even in the same cellular compartment [7]. Why there are redundant isoforms present in the cell is not elusive yet.
However, inhibition of Hsp90 drives tumor cells to apoptosis and is a fine target for cancer treatment. Therefore, several

Figure 1 Hsp90AA1 and HSP90AB1 isoforms nucleotide sequence comparison

drugs are tested and geldanamycin effectively inhibits the target [8].
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One of the biggest problems in drug design is the specificity of the target and several properties must be considered.
The interaction between drug candidate and HSP90 must be strong enough but with a minimum number of hydrogen
bonds [9]. The interactions must be at residues that are not mutated and conformationally unstable ones. Mutations or
single nucleotide polymorphisms may affect corresponding proteins and the process may perturb drug binding [10].
Therefore, in silico experiments provide foresight in drug design. Another limitation is isoforms that are almost identical
in sequence. HSP90AA1 (NM_001017963.3) and HSP90AB1 (NM_001271969.2) blast (Figure 1) shows that nucleotide
sequences are pretty similar (%76) and at the amino acid level the similarity is higher. Therefore, designing specific
drugs for HSP90 needs careful consideration of cavities that are similar in amino acid sequences.

2. Material and methods

Yasara software was employed for docking geldanamycin aginst HSP90AA1 (PDB ID 3TOZ) and HSP90AB1 (PDB ID
6N8Y). The structures are compared to that of mutant structures (128 and 123) (Figure 2 and Figure 3). Comparison of
binding energies and dissociation constants calculated with the commercial software.

3. Results

Previously reported inhibitor-resistant type HSP90 residue 1123 from yeast model compared to the two isoforms and
residues corresponding at HSP90AA1 and HSP90AB1 mutated. Binding energies and dissociation constant were
calculated in the presence of geldanamycin (Table 1). The residues correspond to the ATPase domain and increase
ATPase activity. This is an expected tumor behavior since accelerating ATPase function is beneficial to tumor cells. For
this reason, the residues are essential to work on drug-mutated receptor interactions.

HSP90AA1-WT-Geldanamycine HSP90AA1-1123T-Geldanamycin
Figure 2 HSP90AA1 WT and its mutant [123T interaction with geldanamycin

HSP90AB1-WT-Geldanamycine HSP90AB1-1128T Geldanamycin

Figure 3 HSP90AB1 WT and its mutant 1128T interaction with geldanamycin
Point mutations 128 and 123 were selected

Table 1 Binding energy and dissociation constant comparison of WT and mutant structures

Protein Binding Energy [kcal/mol] | Dissociation constant [pM]
HSP90AA1-WT 6.9400 8183000.0000
HSP90AA1-1123T 6.9330 8280253.0000
HSP90AB1-WT 7.8130 1874973.2500
HSP90AB1-1128T 7.8180 1859216.7500
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At the extreme end, mutated HSP90 isoforms may not perturb the effect of geldanamycin inhibition. ATPase activity is
essential for substrate protein folding and since mutation in these residues is beneficial to tumor cells, designing a
compound like geldanamycin is effective not only in unmutated both also at mutated cells.

These residues are reported to be inhibitor-resistant mutants and binding energies are similar to that of WT HSP90.
This is important as HSP90 levels increases in stress conditions and tumorigenesis. The binding provides key insight
into drug templates and innovative inhibitors such as less toxic and more soluble ones may be designed by considering
the critical residues.

4. Discussion

Efforts in basic and clinical oncology in determining the molecular mechanism of this neoplastic disease require
understanding finite details of the structure-function of inhibitor compounds. New therapeutic strategies have been
developed and inhibition of cancer cells is one of the essential methods [11]. Novel drug treatment for the malignant
disease must have a mechanism of action that works no matter what. Therefore, drug designing is difficult as several
factors are involved. In silico studies provides a “pre-test” to understand the molecular mechanism. Several factors may
be tested ahead of in vitro and in vivo experiments. The desirable attempt to relate the antitumor effect of the compound
with molecular effect on relevant proteins is cumbersome due to distinct conformational changes. Further, mutations
may bring further alterations. This burdens designing specific drug candidates. Geldanamycin has the potential to fulfill
all these criteria through binding to HSP90 [12].

This work shows how HSP90 inhibitor geldanamycin is finely designed even in the presence of mutations the compound
is prone to inhibit HSP90 ATPase action. HSP90 expression levels are difficult to control through two distinct cytosolic
isoforms (HSP90AA1 and HSP90AB1). However, both isoforms and their corresponding mutants may be inhibited by
geldanamycin.

Geldanamycin exerts its antitumoral effect by perturbing HSP90 ATPase action and driving tumor cells to apoptosis and
disrupting the substrate protein folding-homeostasis.

5. Conclusion

Geldanamycin display superior activity even in the presence of mutants as evidenced by binding energies and
dissociation constants. All drug candidates must be designed considering these properties to create an effective
anticancer therapeutic.
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