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Identification of Active Sites and Calculation of Structural
Parameters for the Her2 Target Receptor

K. Ramanathan

Abstract

The aim of this work is to identify the active sites and the calculations of structural
parameters for the HER2 target receptor. The active site is the key factor where the
ligand molecule can able to bind with the receptor. The stability of the interactions
between the target receptor and the ligand are maintained by the structural
parameters. HER2 receptor is associated with the breast cancer and it is the ideal
target for the therapeutic activity. If the structural alterations occur in the HER2 it is
failed to over expression and it leads to various types of tumours. The structural
model could be constructive to recognize the hydrogen bonding and hydrophobic
interactions with the ligand in the active sites of the receptor.

Keywords: Active sites, HER2 target receptor, structural parameters, ligand,
hydrophobic interactions

Introduction

The active site is the region where the target protein is to be bind with the ligand and
it consists of residues that form temporary bonds with the binding site and residues
that catalyze a reaction. Identification of active sites is essential in the process of
drug deigning. The three dimensional structure of the target protein is analyzed to
identify active sites and design drugs where the ligand is to be bind with the receptor.
HER2 breast cancers are aggressive and are associated with poor prognosis. The
aim of this study was to develop the clinical grade Lu 177 trastuzumab and its
preliminary evaluation for specific tumor targeting in HER2 positive breast cancer
patients. Trastuzumab was conjugated to bifunctional chelator and characterized for
integrity and the number of molecules conjugated and it has good
antigen binding ability and specificity for HER2 receptor protein. (Bhusari et al.,
2016).

The fluorescence labeled therapeutic antibodies targeting human epidermal growth
factor receptor (HER) family members and insulin-like growth factor-
1 receptor (IGF1R) in combination with fluorescence imaging modalities to determine
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tumor antigen expression, drug-target interaction, and biodistribution and tumor
saturation kinetics. The tumor cell receptor status of HER1-3 and IGF1R, monitor the
antibody target interaction and evaluate the receptor binding sites of anti-HER2-
targeting antibodies. (Dobosz et al., 2016)

The strength of binding between the receptor and the ligand in the active site plays a
significant role in the process of drug designing (Zuercher, 2008). Active sites can
be mapped to aid design of new drugs and this involves description of the size of an
active site and the number and properties of sub sites such as details of the binding
interaction. (Powers, 2006).

Structural Parameters

The interactions that occur between the Carbon, Oxygen and amide groups on
amino acids in a polypeptide chain to form alpha helix, beta sheets, turns, coils and
other forms and that facilitate the folding into a three dimensional structure. The
polypeptide chain of a protein forms a random coil. The alpha helix is the most
abundant type of secondary structure in proteins. The alignment of the H bonds
creates a dipole moment for the helix with a resulting partial positive charge at the
amino end of the helix. Helices observed in the proteins can range from four to over
forty residues long but a typical helix contains about ten amino acids.

The beta sheet is the second form of regular secondary structure in proteins. The
higher level association of beta sheets has been implicated in formation of the
protein aggregates and fibrils observed in many human diseases. The random coils
show the alignment of monomer subunits with conformation. A region of secondary
structure that is not an alpha helix and beta sheet or any recognizable turn is
referred to as a coil.

Stability

In general, short polypeptides do not exhibit much alpha helical structure since
he entropic cost associated with the folding of the polypeptide chain is not
compensated for by a sufficient amount of stabilizing interactions. In general, the
backbone hydrogen bonds of alpha helices are considered slightly weaker than
those found in beta sheets and are readily attacked by the water molecules
(Hudgins et al., 1999).

HER 2 Receptor

The human epidermal growth factor receptor 2 (HER?2) is a member of the epidermal
growth factor receptor family and it plays a significant role in the development of
many human adenocarcinomas. The HER2 extracellular domain is an ideal target for
therapeutic approaches. The biochemical and structural analysis are to be obtained
from the large quantities of active HER2 protein for detecting anti HER2 antibodies in
serum (Liu et al., 2007).

An over expression of this receptor plays a vital role in the development and
progression of certain aggressive types of breast cancer. The HER?2 target receptor
has become an important biomarker and target of therapy for breast cancer patients
(Mitri et al., 2012). HER2 has a similar structure to human epidermal growth factor
receptor and an over expression of the receptor leads to breast cancers which is
strongly associated with increased disease recurrence and a poor prognosis. Over
expression is also known to occur in ovarian, stomach, and aggressive forms of
uterine cancer, such as uterine serous endometrial carcinoma (Tan et al., 2007).
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Variations in the HER2

The structural alterations in the HER2 cause ligand independent firing in the absence
of over expression and it is found in a variety of tumors. Some of these tumors carry
point mutations in the sequence specifying the transmembrane domain of HER2.
Substitution of a valine for a glutamic acid in the transmembrane domain can result
in the constitutive dimerization of this protein in the absence of a ligand. HER2
mutations have been found in non small cell lung cancers and can direct treatment
(Mazieres et al., 2003)

Drugs targeting with HER2

A major goal of personalized medicine in oncology is the identification of drugs with
predictable efficacy based on a specific trait of the cancer cell has been
demonstrated with herceptin HER2 over expression. It requires identifying a cellular
component that is altered in cancer but not normal cells and discovering a compound
that specifically interacts with it (Parkinson et al., 2013)

HER2 is the target of the monoclonal antibody trastuzumab marketed as Herceptin
and it is effective only where HER2 is over expressed. One year of trastuzumab
therapy is recommended for all patients with HER positive breast cancer who are
also receiving chemotherapy (Mates et al., 2015) An important downstream effect of
trastuzumab binding to HER2 is an increase in p27, a protein that halts cell
proliferation (Le et al., 2005). Another monoclonal antibody Pertuzumab which
inhibits dimerization of HER2 and HER3 receptors was approved by the FDA for use
in combination with trastuzumab.

Methodology

The target receptor HER2 was studied and the sequence was retrieved from the
database. The identification of active sites for the target receptor was calculated
using prosite tool. The location of the active sites was also identified where the
ligand is to be bind with the target protein. The structural parameters were calculated
and the compositions of the parameters were predicted by GOR tool. The sequence
for the target protein was retrieved and the structural models were predicted by
Swiss model tool.
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Results
Identification of Active sites
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Hits for all PROSITE (release 20.122) motifs on sequence gi-584277103-ref-NP_001276865-1-:
found: 4 hits In 1 sequence

qi-584277103-ref-NP_001276885-1- (1240 aa)

MPRGSWKPQVCTGTOMKLRLPASPETHLDMLRHLYQGCQUVQGHLEL TYLPTHASLSFLQDIQEVD
GYVLIAHNQYRQVPLQRLRIVRGTQLFEDNYALAVLDNGDRLNNTTPYTGASPGGLRELQLRSLTE
ILKGEVLIQRNPQLCYQDTILWKDIFHKNNQLAL TLIDTNRSRACHPCSPMCKGSRCWGESSEDCQ
SLTRTVCAGGCARCKGPLPTDCCHEQCAAGC TGPKHSDCLACLHFNHSGICELHCRALVTYNTOTF
ESMPNPEGRYTFGASCVTACPYNYLSTOVESCTLVCPLHNQEVTAEDGTQRCEK CSKPCARVCYAL
GMEHLREVRAVTSANIQEFAGCKKIFGSLAF LPESFDGDPASNTAPLOPEQLQVFETLEEITGYLY
TSAKPDSLPDLSVFQNLOVIRGRILHNGAYSLTLQGLGISWLGLRSLRELGSGLALTHHNTHLCFY
HTVPUDQLFRNPHQAL LHTANRPEDECVGEGLACHQLCARGHCUGPGPTQCVNC SQF LRGOECVEE
CRVLOGLPREYVHARHCLPCHPECOPONGSYTCFGPEADQCVACAHYKDPPFCVARCPSGVKFDLS

Fig 6.1: HER2 sequence submitted in to Prosite tool
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MPRGSWKPQVCTGTOMKLRLPASPETHLDMLRHLYQECQVVQGNLEL TYLPTNASLSFLQDIQEVG
GYVWLIAHNQVRQVPLORLRIVRGTQLFEDNYALAVLDHGDPLNNTTPUTGASPGELRELQLRSLTE
ILKGGVLIQRNPQLCYQDTILWKDIFHKNNQLALTLIDTNRSRACHPCSPMCKGSRCWGESSEDCQ
SLTRTVCAGGCARCKGPLPTDCCHEQLAAGC TGPKHSDCLACLHFNHSGICE LHCPALVTYNTDTF
ESHPNPEGRYTFGASCYTACPYNYLSTDVGSCTLVCPLHNQEVTAEDGT QRCEKCSKPCARVCYGL
GMEHLREVRAVTSANIQE FAGCKKIFGS LAFLPESFDGDPASNTAPLQPEQLQVFETLEEITGYLY
ISAWPDSLPDLSVFQNLQVIRGRILHNGAYSLTLQGLGISKLGLRSLRELGSGLALTHHNTHLCFY
HTWPLDQL FRINPHOAL LHTANRPEDE CVGEGLACHOL CARGHCHGPGPT QCVNCSQF LRGOECVEE
CRVLQGLPREYVNARHCL PCHPECQPQNGSY TCFGPEADQCVACAHYKDPPFCVARCPSGVKPDLS
¥MPIWKFPDEEGACQPCPINCTHSCVDL DDKGCPAEQRASPLTSTISAVVGI LLVWWLGVVFGILT
KRRQQKIRKYTMRRLLQETELVEPLTPSGAMPINAQHATLKETELRKVKVLGSGAFGTVYKGINIP
DGENVKIPVATKYLRENTSPKANKEILDEAYVMAGVGSPYVSRLLGICLTSTVQLVTQLMPYGCLL
DHYRENRGRLGSQOLLNWCHQIAKGHSY LEDVRLVHRBLAARNVLVKSPNHVKITOFGLARLLDID
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RLPQPPICTIDVYN IMVKCHMIDSECRPRFRELVSEFSRMARDPQRFVIQNEDLGPASPLDSTFY
RSLLEDDDMGDLVDAEEYLVPQQGF F CPDPAPGAGGHMVHHRHRS SSTRSGGGDL TLGLEPSEEEAP
RSPLAPSEGAGSDVFDEDLGMGAAKGLQSLP THDPSPLORYSEDPTVPLPSETDGYVAPLTCSPQP
EVVNQPDVRPQPPSPREGPLPAARPAGATLERPK T LSPGKIGVVKDVFAF GGAVENPEYLTPOGGA
APQPHPPPAFS PAFDNLY YHDQDPPERGAPPSTFKGTPTAENPEYLGLDVRY

Legend:
1 * o *
disulfide bridge active site other ‘ranges’ other sites

Please note that the graphical representations of domains displayed hereafter are for illustrative purposes only, and that their colors and shapes are not intended to indicate homology or shared function
For more infermaticn about how these graphical representations are censtructed, go to http://prosite expasy org/mydemains/.

hits by profiles: [1 hit (by 1 profile) on 1 sequence]

Fig 6.2: Identification of Active Sites for the HER2 target Protein
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Predicted features:

DOMAIN 705 972 Protein kinase [conditicn: none]

NP_BIND 71 719 ATP [condition: x*] [group: 1]
BINDING 738 ATP [conditicn: K] [group: 1]
ACT SITE 830 Proton acceptor [condition: D and <grp:1>]

Fig 6.3: Four Active sites in the HER2 Protein, First active site present from the
position 705 to 972
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Fig 6.4: Second active site present between 711 and 738
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Fig 6.5: Third active site present from 826 to 838 and fourth active site falls
present from 996 to 1008

Calculation of Structural parameters
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FLQDIQEVQGYVL
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Fig 6.6: HER2 Target Protein submitted in to GOR tool
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Fig 6.7: Secondary structural parameters for the HER2 protein
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Fig 6.8: Composition of structural parameters in HER2 target protein

Structural
Parameters

Composition

Alpha helix

292

Beta Bridge

0

Extended Strand

209

Beta

Turn

0

Bend Region

0

Random Coil

739

Statistical Approaches on Multidisciplinary Research

g

50



Ramanathan 2017 ISSN: 2349 — 4891

Table 6.1: Composition of Structural Parameters for HER2 target receptor
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Graph 6.1: Comparison of Structural Parameters for HER2 target receptor
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Fig 6.9: Residue analysis in the target protein HER2
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Fig 6.10: Structure Visualization for the target Protein HER2

Fig 6.11: Structural model for the target protein HER2

Discussion

The target receptor was identified and the sequence was retrieved from the
database and submitted in to prosite tool (Fig 6.1). The active sites were identified
for the HER2 target protein in the Fig 6.2. Fig 6.3 shows that the four active site
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regions present in the target protein and the first active site is present between the
positions 705-972. The position of the second active is present between 711-738
represented in the Fig 6.4. The third and fourth active sites are present between the
positions 826-838 and 996-1008 respectively where the ligand can bind with the
target receptor (Fig 6.5). The sequence for the target receptor was submitted in to
GOR tool (Fig 6.6). The total sequence length of the HER2 target receptor is 1240
and the structural parameters were calculated (Fig 6.7). Fig 6.8 shows that the
composition of the alpha helix in the target protein is 292 (23.55%) and there are 209
extended strands (16.85%) with 739 random coils (59.60%) present in the target
protein. The composition of random coils is very high in the target protein when
compared with other structural parameters. The residues present in the target
protein were analyzed and their location of the residues was identified. The residues
present in the target protein were identified in Fig 6.9. The structure of the target
protein was visualized in the space fill model Fig 6.10. The Structural model was
predicted for the target Protein HER2 using Homology Modeling represented in the
Fig 11.

Conclusion

The sequence for the HER2 target receptor associated with the breast cancer was
retrieved from the database and the active sites were predicted by prosite tool. The
four active site regions with their locations were identified in the HER2 target
receptor. The ligand molecule can simply bind with the target receptor through the
active sites. The compositions of the structural parameters were predicted for the
target receptor. The highest composition of the random coils (739) is present in the
HER?2 target receptor. From these results, | observed that the HER2 target receptor
shows a good binding affinity with various ligands because of four binding site
regions and the highest composition of random coils present in the target receptor. .
The Structural model was predicted and it could be possible to understand the study
of hydrogen bonding and hydrophobic interactions with key residues in the active
sites of the target receptor.
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