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Abstract C-reactive protein (CRP) is a highly conserved plasma protein belonging to
pentraxins, a superfamily which has significant proinflammatory role. Therefore, CRP
can be a good target for drug discovery to prevent disease pathogenesis, especially
cardioprotection in acute myocardial infarction and neuroprotection in stroke. Hence,
the knowledge of the structure of CRP is very important. In this paper, we have
demonstrated three-dimensional structure, conserved domains, and surface structure of
human CRP with the help of bioinformatics analysis. We have also depicted that
evolutionary relationship of CRP exists among the different species. Simultaneously,
WebLogo has been generated to know the more conserved part of this medically
important protein.

Keywords Conserved domains - Conserved residues - Surface cavities - C-reactive protein
(CRP)

Introduction

C-reactive protein (CRP) is a plasma protein which rises noticeably in a cytokine-mediated
reaction during inflammation, infection as well as tissue injury. Clinicians are generally
measures CRP values to know the diseases activity which is a clinical practice [1, 2]. In
healthy humans, the CRP concentration in is not more than 1 pg/ml. Conversely, with the
help of stimulus, it can increase 1,000-fold following an acute phase [3, 4]. However, the
values have a tendency to increase with the increase of age, and it has been noted that the
value is higher in women than in men. High levels of CRP are prognostic for stroke and
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related to coronary functions [4, 5], as well as associated with the patients with end-stage
renal disease and cardiovascular mortality [6].

On the other hand, CRP has an important physiological function and has been noted
to have been associated with autoimmunity, especially with antinuclear autoantibody
production and with systemic lupus erythematosus [7]. It has also been hypothesized by
several scientists that CRP may have significant proinflammatory role (Fig. 1) [8, 9]. So,
concentration of this circulating protein is not only a diagnostic marker of disease severity
and progression but also contributes to pathogenesis [1, 10]. However, there is possibility
that we can assess the hypothesis by developing drugs that specially block CRP binding
and will inhibit the proinflammatory effects [11]. Again, CRP is related to serum
amyloid P component (SAP) [12]. The SAP is an important ingredient of the amyloid
deposits that cause a range of human diseases like Alzheimer’s diseases [13, 14].
Interestingly, CRP and amyloid P are associated with many diseases, like the amyloid
deposits and neurofibrillary tangles of Alzheimer disease [11]. So, presently, CRP may be
a good target for drug discovery to prevent those diseases pathogenesis. Therefore, the
information on the structure of CRP, including its three-dimensional structure, conserved
domains, and surface structure, is more important to design the novel inhibitors to
platform for drug design.
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Fig. 1 C-reactive protein (CRP) and its in proinflammatory or inflammatory role
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In this study, we have addressed the three-dimensional structure, conserved domains,
and surface structure with of human CRP with the help of bioinformatics analysis. We have
also found that a developed evolutionary relationship of CRP exists between the different
species. Again, WebLogo has been produced to know the more conserved part of this CRP
from humans as well as other species.

Materials and Methods
Data Collection

We have collected data on the genes related to the proteins of CRP human as well as
different species from the National Center for Biotechnology Information (NCBI) [15]. The
functional protein sequences (in FASTA format) were collected with the accession number
from the NCBI database and further analyzed. The collected sequence are human
(CAA39671.1), African clawed frog (NP_001165686.1), rabbit (AAA75404.1), mouse
(CAA31928.1), pig (AAUI13779.1), guinea pig (AAC60662.1), golden hamster
(AAB19893.2), rat (AAA40964.1), chicken (ABDI16281.1), turkey (ABV03362.1),
Atlantic horseshoe crab (AAA28270.1), thesus monkey (XP_001117250.1), chimpanzee
(XP_001170785.1), cattle (BAH66497.1), orange spotted groper fish (ADC92292.1), and
Chinese horseshoe crab (BAA85653.1).

Conservation Patterns of Structures and Calculation of Highly Conserved Amino Acids
in CRP

The conservation patterns of structures in CRP were formed using ConSurf server [16, 17].
The conservation scores at each amino acid position were calculated using the same server.
It also calculated the evolutionary conservation of amino acid positions in proteins using an
empirical Bayesian inference, starting from protein structure and sequence, respectively.
Highly conserved amino acids from proteins were used for further analysis.

Generation of Surface Cavity and Binding Groove Identification

The PyMOL [18] has been used for the generation of surface cavity as well as identification
of binding grooves of CRP. We have used “.pdb” files to generate the surface structure and
the cavities of those proteins.

Phylogenetic Tree Construction

Based on the results of the sequence of different species of CRP, a phylogenetic tree was
constructed using Phylogeny.fr, which is a free, simple-to-use web service [19] software
(http://www.phylogeny.fr/version2_cgi/simple phylogeny.cgi). We have developed two
types of phylogenetic tree, i.e., phylogram. The phylogram tree shows the distances
between the protein sequences of the factors.

Sequence Logo Formation of Conserved Domains of CRP

Sequence logos were formed using WebLogo software, which is used for graphical
representation of amino acid or nucleic acid for displaying the patterns in a set of
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aligned sequences [20, 21]. Here, we have used all sequences to generate the WebLogo.
Again, we have used ten amino acids each time to see the conserved part of human and
other species. This method was used to visualize patterns of aligned sequences as well
as the bias amino acid sequences of CRP.
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Fig. 2 Conservation patterns and backbone structures of the pentameric structure of CRP. a This figure
shows the general conservation patterns with highly conserved amino acids in 3D structure of the CRP.
Amino acid conservation scores were classified into nine levels. The color scale for residue conservation is
indicated in the figure. b Backbone structures with highly conserved amino acids of CRP
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Results and Discussion

CRP proteins of humans, as well as other species, and their genes were recorded using
original data from the NCBI data bank. The conservation patterns of CRP and their
backbone structures have been shown in Fig. 2. Nonetheless, we were able to document
highly conserved amino acids of the protein which are SER53, HIS95, CYS97, ASP112,
GLY113, GLY136, GLY 154, VAL165, LEU166, ILE171, and GLY196. Surface cavity and
binding grooves has been provided in Fig. 3 which show that there are several surface
cavities present on CRP, and these can be the ligand-binding pocket. It has been reported
that CRP is a highly evolutionary conserved protein in the human as well as other species.
Therefore, we have developed a relationship of CRP in human as well as other species
which have been shown in Fig. 4. The phylogenetic tree shows that CRPs of human and

a

Fig. 3 Surface cavity and binding grooves of the CRP. a Front view shows some specific binding pocket/
binding grooves. b Side view of CRP shows different grooves
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Fig. 4 Phylogenetic tree construction of CRP using Phylogeny.fr software. It shows the relationship between
the human CRP and the CRP of other species (horseshoe crab, African clawed frog, rabbit, mouse, pig,
guinea pig, golden hamster, rat, chicken, turkey, Atlantic horseshoe crab, rhesus monkey, chimpanzee, cattle,
orange spotted groper fish, Chinese horseshoe crab)

chimpanzee are very closely related. To know the conserved domains, we have generated
WebLogo (Fig. 5) which shows that this protein from all species is a highly conserved one.
We have noted the first ten amino acids are more conserved and that maximum stack height
is 2.8 bits and the minimum stack height, 1 bit in this part. No stack has been noted on 24th
position WebLogo.

The name of “C-reactive protein” has been given for its ability to precipitate the “C”
polysaccharide mainly taken out from the pneumococcal cell wall [22]. This circulating
protein seems to have an important physiological role. The physiological role of this protein
is unknown because of its structural polymorphism in human CRP, and experimental CRP
knockout has not yet been reported. This protein is produced by hepatocytes in response to
inflammatory cytokines like interleukin-1 and interleukin-6 [3, 4]. It is formed by the liver
as part of the “reorchestration” of hepatic gene expression in response to inflammation and
infection [22]. The human CRP gene present in chromosome-1 located between 1q21land
1923 [23, 24]. The half-life of this protein is relatively long in plasma (19 h) which is quite
stable in vitro [25].

CRP is an evolutionary conserved protein and a member of the evolutionarily ancient
conserved pentraxin family. Pentraxins are a superfamily which contains multifunctional
conserved proteins [26]. This family also contains SAP [12]. Volanakis and Kaplan [27]
have demonstrated that the conservation of the structure of CRP and of its calcium-
dependent specific binding of ligands containing phosphocholine. This complex may hinder
detection of any polymorphism or deficiency of CRP in man [28]. However, in our case,
several highly conserved residues/domains have been noted. Conserved domains are
distinct units of three-dimensional (3D) structure as well as some distinct functional role
[29, 30]. Alternatively, homologous CRP-like pentameric proteins (pentraxin group
members) are found in several vertebrates, as well as invertebrates [31]. Therefore, it is a
primitive molecule of an innate host-immune protection strategy dependent upon the ability
to opsonize pathogenic ligands [32].
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Fig. 5 Generated WebLogo for the CRP and related species. a WebLogo has been formed with all the species
including human. b WebLogo has been formed comparing ten amino acids of humans with other species

CRP is having five identical, noncovalently associated protomers (approximately
23 kDa). These protomers arranged symmetrically around a central pore [22]. It has been
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reported that based on the crystal structure of SAP [33], the CRP protomer is very similar to
that of SAP. The subunits consist of a two-layered (3 sheet with a flattened jellyroll
topology. The crystal structure of CRP with phosphocholine has been determined [28], and the
structure suggests that Phe-66 and Glu-81 are the two key residues mediating the binding of
phosphocholine to CRP. The Coc rms fit is 1.3 A, but it drops to 0.83 A when three divergent
loops involving 19 residues are omitted. The sidewalls of this protein are assembled by the
amino acids like Ser5, Arg6, GIn203, Pro206, Trp187, Argl88, Asn160, Glyl77, Leul76,
Tyr175, His95, and Aspl112. The bottom is composed with Asn158, His38, Leu37, Val94,
and Aspl112 [28]. Short helical regions are formed around residues 43 and 185.

In the complement system, the first component, C1, consists of three distinct proteins
named Clq, Clr, and Cls [34]. The CRP binds with Clq in the opposite face, and it is
described as the effector face of the pentamer. It is not only the Clq but also
immunoglobulin receptors (FcyR) that bind with the effector face. The binding groove
extends from the center of the protomer along the boundaries, and this cleft has been shown
to be critical for the binding of CRP to Clq [35, 36]. A model has been proposed for Clq
binding to CRP. In this model, it has been described that the top of the positively charged
Clq head interacts with negatively charged central pore of the CRP pentamer. The optimal
C1q binding is related to slight conformational changes in the CRP structure [37], and these
structural changes appear to differ depending on the ligand to which CRP is bound [38].

There are two calcium ions bound 4-A apart by protein side chains coming from loops
collected at the concave face [39], and this is the site for ligand binding. A small-molecule
inhibitor like 1,6-bis(phosphocholine)-hexane has recently been designed and synthesized
for of CRP, and five molecules of this palindromic compound have been bound by two
pentameric CRP molecules. The cross-linking of the molecule with the compound/ligand
occurs at the ligand-binding B-face of CRP which blocks its functions [40]. Therefore, it
has been noted that the therapeutic inhibition of CRP is a novel method to cardioprotection
in acute myocardial infarction and can also provide neuroprotection in stroke.

Presently, novel therapeutic development targeting CRP is a good approach for the
cardioprotection and neuroprotection. Our three-dimensional structure, conserved domain
identification, and surface cavities/binding pocket identification will be helpful in
developing many more inhibitors which can give us a better and economical therapeutic
approach. Furthermore, the structure of CRP as well its inhibitors may provide more
information about the physiological roles of human CRP.
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