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ABSTRACT

C-reactive protein, an acute phase protein, is pentameric molecule containing 5 identical subunit of ~25 kDa each in human. C-reactive protein is a
reported biomarker of inflammation of human and many other species. Using bioinformatics tools and sequence analysis algorithms, comparative
study was done between human and other species for CRP sequences. The sequence homology study with human will help to select the right
approach for purification of CRP from other species to make diagnostic reagent. This would also provide the idea of selecting host for antibody
generation which is complementary part of antigen in immune assay.
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1.INTRODUCTION

C-reactive protein (CRP) is classic acute-phase protein and exquisitely
sensitive objective marker of inflammation, tissue damage, and
infection in several conditions [1]. C- reactive protein (CRP) was
discovered in the serum of patients with acute inflammation that
reacted with the C- (capsular) polysaccharide of pneumococcus and
hence called CRP [1]. The concentration of CRP in plasma increases
during inflammatory states and in several clinical malfunctions
including cancer stages. CRP binds to specific molecular
configurations in specific pattern that are typically exposed during cell
death and found on the surfaces of pathogens. The concentration of
CRP drastically elicit within hours after tissue injury or infection in
human which suggests that it contributes to defense mechanism of
patients, in the innate immune response [2]. A monomeric form of
human CRP contains 224 amino acid residues with molar mass of ~25
KDa and its pentameric form contains 5 identical monomeric unit
which form annular pentameric disc in shape [3,4]. In its active
pentameric conformation, CRP used to bind to phosphocholine (PCh)
in a Ca’-dependent interaction which are present on the surface of
damaged cells and microbes in inflammation condition [5].

In this study, we have done the homology study of human CRP with
CRP of other domestic animals and experimental animals with the help
of bioinformatics analysis. The whole amino acid sequences of CRP
from different species were taken for bioinformatics analysis.

2.COLLECTION OF DATA

2.1 Data collection

We have retrieved different sequences of CRP from UniProt and
National Center for Biotechnology Information (NCBI) [6]. Protein
sequences of CRP in fasta format were collected with an accession
number. Other details including length of protein (i.e. amino acid
composition), composition of signal sequence and mature peptide,
presence of calcium binding domain and position of disulfide bonds
are collected from data base.

2.2 Phylogenetic analysis

Phylogenetic analysis was done by Clustal 2.1 tools. Various species
for CRP sequence in fasta format was taken as input data. Along with
homo sapiens sequence (P02741), amino acid sequences of CRP of
various domestic pet animals and experimental animals were selected
for study. Domestic pet animals included Canis lupus familiaris
(E2R5J0), Felis catus (XP_003999711.3), Sus scrofa (019062), Bos
taurus (NP_001137569.1), Equus caballus (XP_001504452.1), Ovis
aries (XP_027821246.1), and Capra hircus (XP_017901842.1).
Experimental animals included Mus musculus (P14847), Rattus
norvegicus (P48199), Gallus gallus (Q2EJU6), Cavia porcellus
(P49254), Oryctolagus cuniculus (P02742), Macaca mulatta
(XP_001117250.2) and Pan troglodytes (H2QOD1).
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2.3 Purification approach of CRP using computational analysis

CRP has Ca”-dependent affinity for phosphocholine (PCh) hence in
most of the cases purification of human CRP was attempted using PCh-
affinity chromatograph along with ion exchange chromatography and
gel filtration chromatography [7]. On the basis of homology study and
other molecular properties, same strategy can be adopted for the
purification of CRP form different species.

2.4 Antibody development approach for CRP using computational
analysis

Serum concentration of CRP is determined as biomarker of
inflammation [8]. For the development of immuno assay of CRP,
antibodies are required along with CRP antigen. By homology study,
we can select the species to get high titer of antibody by immunization
of CRPantigen.

3.RESULT

3.1 Result of phylogenetic analysis

“CLUSTAL 2.1 Multiple Sequence Alignments” application tool was
used for the phylogenetic analysis. All the species has 224-230 amino
acid composition however Homo sapiens, Bos taurus, Macaca
mulatta, Pan troglodytes, Ovis aries, Capra hircus have 224 amino
acid sequence (fig. 1A) with signal sequence at amino terminus.
Human CRP has highest sequence homology with Pan troglodytes
(99.10%) followed by Macaca mulatta (91.07) (fig 1B). Since all three
species are classified as primates and in evolution, sequence of CRP
was almost conserved, so Macaca mulatta and Pan troglodytes can be
used for therapeutic target of CRP inflammation. Although CRP of
Canis lupus familiaris (dog) have only 57 % of sequence homology
with human, however it has similar molecular properties as human
including 1 disulfide bond, presence of two Ca’ per molecule. Hence
dog has recommended as animal model for study of the mechanism of
CRP expression and structure-function relationship.

3.2 Purification approach of CRP using computational analysis
Citizens of European Union and United States are much sensitive for
diagnostics of their pets including dog, cat, cow and horse [9]. In case
of inflammation condition in these animals, level of CRP is high as
same as human [10]. As mentioned CRP has Ca*-dependent affinity
for phosphocholine (PCh) and in homology study with human CRP
sequence, homology with cat, dog, cow and horse are 64.57 %, 57.58
%, 68.75 % and 64.12 % respectively. Isoelectric point (pI) of CRP
protein from human, dog, cat, cow and horse are 5.45, 5.49, 4.81, 6.43
and 5.75 respectively which are in restricted acidic range. Since all the
species including human, dog, cat, cow and horse having Ca®-
dependent affinity for phosphocholine (PCh), PCh column can be used
as first step of purification of CRP from these species. Because of
homology proportion and restricted acidic pl range of these species,
anion exchange column (Diethylaminoethyl cellulose-DEAE and
UnoSphere Q at pH 7-9 can be used as polishing step for purification of
CRPafter PCh column.
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Sequence 1: sp|P02741 |CRP_HUMAN 224 aa
Sequence 2: sp|P14847 ICRP:MOUSE 225 aa
Sequence 3: sp|P4819S |CRP_RAT 230 aa
Sequence 4: sp|P49254 |cnp:<m1m 225 aa
Sequence S5: =p|P02742 |CRF_RABIT 225 aa
Sequence €: =p|0180€2 |CRF_PIG 222 aa
Sequence 7: tx|EZRS5J0 |CRF_DOG 248 aa
Sequence B: NP_00113"569.§_C01 224 aa
Sequence 9: XP 001117250.2 Rhssus Monkey 224 aa
Sequence 10: XF_001504452.1 Hors=e 223 aa
Sequence 11: =p|H2QOD1|CRE_chimpanzse 224 aa
Sequence 12: XP_02782124€.1_ Sheep 224 aa
Sequence 13: XP 0179016842.1 Goat 224 aa
Sequence 14: Q2EJUE_CHICK 227 aa
Sequence 15: XP_003998711.3 Cat 223 aa

A
Sequences (1:2) Aligned. Score: 68.75
Sequences (1:3) Aligned. Score: 63.8393
Sequences (1:4) Aligned. Score: 72.3214
Sequences (1:5) Aligned. Score: 73.2143
Sequences (l:6) Aligned. Score: &4.4144
Sequences (1:7) Aligned. Score: 57.5893
Sequences (l1:8) Aligned. Score: 68.75
Sequences (1:9%) Aligned. Score: 51.0714
Sequences (1:10) Aligned. Score: 64.1256
Sequences (l1:11) Aligned. Score: 99,1071
Sequences (1:12) Aligned. Score: 47.3214
Sequences (1:13) Aligned. Score: &7.8571
Sequences (1:14) Aligned. Score: 45.085%3
Sequences (1:15) Aligned. Score: 64.574

(B)

Figure 1: Multiple sequence alignment (A) amino acid
composition of CRP, (B) Pairwise alignments alignment with
Human
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Figure 2: Phylogenetic tree construction of CRP using Clustal 2.1
software.

3.3 Antibody development approach for CRP using computational
analysis

For the development of immuno assay of CRP detection, either form of
antibody i.e. polyclonal antibody (pAb) or monoclonal antibody
(mAD) is required. In case of CRP, polyclonal antibody is preferred to
make nephelometry and turbidimetry kit [11]. As phylogenetic study,
chicken would be a good option for polyclonal antibody development
against human CRP protein, since it is far away from human in
phylogenetic tree (fig. 2). However, for pAb generation sheep and goat
would be preferred option because of availability and ease of
regulations. Since mouse and rabbit are most usable option for mAb
development [12] and both species shows enough distance in
phylogenetic tree, it would give good titer against human, dog, cat and
horse CRP antigens if attempted for development of monoclonal
antibody.

4.DISCUSSION

C-reactive protein was the first acute phase protein described and it has
still importance as inflammatory marker in human for various clinical
conditions including trauma, autoimmune disease, infection necrosis
and carcinomas [13-15]. In dog, CRP is increased with turpentine oil
injection with 14 days of recovery course, which indicates the direct
correlation of CRP concentration with progression of inflammation
[16]. CRP concentration is also increased in acute pancreatitis [17],
inflammatory bowel disease [18] and gastric mucosal injury [19] in
dog. In cat and horse, SAA is the main detectable protein in
inflammation [20]. Correlation of CRP level in cat and cow with
inflammation and malignancies were not established [21]. In stress
condition including transportation, nutritional stress, slippery floors,

social isolation, concentration of SAA is increased [22-24]. However
CRP concentration is elevated after 12 hr of stress condition and come
down to base line by 36 hr which suggest that CRP should also be
considered as important biomarker to assess the level of stress in a
dairy herd [25]. In adult horse, the serum CRP concentration is
increased in 24 hr after inflammatory stimuli, and reached at peak
value within 3 to 5 days. After treatment, CRP level in serum decreased
to base line concentration in next 2 to 3 weeks. This indicates the direct
correlation of CRP concentration with inflammation in adult horse and
it is one of the acute-phase reactive protein [26]. So CPR is one of the
acute phase protein present in inflammation condition in human as well
as in many animal species including dog and horse. By homology
study we have concluded that same approach can be used for the
purification of CRP from horse and dog to make diagnostic reagent i.e.
control and calibrator. This study also provides the information
regarding the selection of host for the generation of polyclonal
antibody against human, horse and dog. Chimpanzee and Rhesus
macaque shows highest homology with human sequence hence these
two species can be used to study for therapeutic application against
CRP inflammation in human.
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