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Glycosylated molecular variants of C-reactive
proteins from the major carp Catla catla in fresh
and polluted aquatic environments
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Elevated level of pollutant specific glycosylated molecular variants of C-reactive protein have been purified to elec-
trophoretic homogeneity from the sera of major carp, Catla catla confined in freshwater (CRPN) and water polluted with
nonlethal doses of cadmium (CRPCd), mercury (CRPHg), phenol (CRPPh) and hexachlorocyclohexane (CRPHex). These CRPs
differ amongst themselves in electrophoretic mobility, and in their carbohydrate content ranging from 20–50%. CRPs in-
teract with pneumococcal C-polysaccharide (CPS) showing different binding constants. Both phosphorylcholine (PC) and
calcium are indispensable for binding. Studies on amino acid compositions, electrophoretic analysis, isoelectric focusing,
binding to PC & CPS and secondary structures of the purified CRPs indicate, that, they differ from each other. However,
they share the common properties of a CRP, including pentraxin structure revealed by electron microscopy. Taken together,
our results provide a new structural insight regarding the connection between the presence of unique molecular variants
and probably the toxicity therein combated.
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Abbreviations: CRP, C-reactive protein; PC, phosphorylcholine chloride; CPS, pneumococcal C polysaccharide; EDTA,
ethylene diamine tetra acetic acid; BSA, bovine serum albumin; HRP, horseradish peroxidase; ELISA, enzyme linked im-
munosorbent assay; DAB, 3,3′-diaminobenzidine; ABTS, 2,2′-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) diammonium
salt; CD, circular dichroism.

Introduction

C-reactive proteins (CRPs), the prototypic acute phase protein
are characterized by their ability to precipitate with pneumococ-
cal C-polysaccharide (CPS) through phosphorylcholine (PC)
moiety in a calcium dependent manner [1]. They belong to a
phylogenetically ancient super-family of proteins termed ‘pen-
traxins’ consisting of non-covalently linked subunits arranged
in a flat planer disc of pentameric symmetry. CRPs are normal
constituents (0.05–4 mg/ml) in wide variety of species [2–10]
including fresh water fishes. The CRP levels in fishes are in-
creased by toxic agents [4–8] suggesting their role in host de-
fense mechanism. In contrast, CRP is present in trace amounts
(0.0001–0.0005 mg/ml) in almost all mammals [1,9,10].
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Because of its 1000 fold increase within 24 hour after tissue
damage, chemical trauma, intoxication, infection, injury and
certain chemical stress, the human CRP is probably the sin-
gle most useful molecule for monitoring acute phase reactions
while primary function still remains unclear [9,10].

Intensive industrialization and agricultural improvement
have resulted in a potential threat to the aquatic ecosystem [11,
12]. Several environmental pollutants are reported to induce a
modest level of CRP in fresh water fish [4–7], yet, the exis-
tence of any relationship between the structural aspect of the
CRPs induced and the stimulating agents by which it is induced
has not been investigated in great details. Realizing this long-
standing gap in our knowledge, we had addressed this point
and reported that unique pollutant specific molecular variants
of CRP are induced in the sera of C. catla in response to various
pollutants as compared to normal aquatic conditions [4]. Most
importantly, during the acute phase response distinct pollutant
specific glycosylated molecular variants of fish CRP appear in
a specific time dependent manner and coexist with the normal
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form around the peak of induction though appearing as a sin-
gle entity at the peak level [4]. These molecular variants ap-
pear possibly due to the differences in their glycan part [4–6]
and contribute towards the variable lectin like properties, as
reflected in their differential sugar binding characteristics [7].

In the light of these findings, these data has led us to certain
pertinent questions. Does any correlation exist between indi-
vidual pollutants and CRP at the molecular level? Are there
any structural differences amongst these CRP molecules? Can
these differences be correlated to their biological functions?
The answer to these important questions might lead to the un-
derstanding of the mechanism of action of this group of acute
phase proteins. The structure-function relationship of fish CRPs
in response to various industrial effluents may serve as a bio-
chemical model system for studying artificially elevated toxic
aquatic ecosystem. Their nature and level of induction may be
used as potential indicators of acute stress in aquatic animals.

In order to understand the nature of these CRP variants we
have investigated the affinity purified CRPs from the serum of
the freshwater fish, C. catla with biochemical, physicochem-
ical and immunochemical means. In this communication the
focus is on the extensive in vitro comparative characterization
of the different glycosylated molecular variants of CRP un-
der normal and toxic conditions. Importantly, our studies in-
dicate that all the CRP variants markedly differ in their car-
bohydrate and amino acid compositions, isoelectric points and
secondary structures thus opening a new set of questions and
investigations.

Materials and methods

Purification of CRPs

C . catla were acclimatized at standard temperature, light and
food in fish tanks. In different groups of fishes (n = 10) were
exposed to HgCl2 (0.1 ppm) or hexachlorocyclohexane
(3.7 ppm), CdCl2 (60 ppm) or phenol (10 ppm) separately to 3,
6, 12, 24, 36, 48, 72 hours. Control sets of fishes (n = 10) were
kept in fresh water. CRPN, CRPHg, CRPHex, CRPCd, and CRPPh

were purified from the sera of fishes confined in freshwater and
polluted water at their peak time of induction namely 12, 12, 24,
48 hours respectively [4]. In brief, fish serum following 80% sat-
urated ammonium sulphate precipitation was fractionated using
Sepharose –PC affinity column pre-equilibrated with buffer A
(0.05 M Tris buffered/HCl/0.15 M NaCl, pH 7.9, 0.02% sodium
azide) with 0.01 M Ca2+. The bound protein was eluted with
0.025 M PC in buffer A. The affinity purified CRP was dialyzed
against buffer A and stored in aliquots at −20◦C. Proteins were
estimated using BSA as standard [13]. The purity of CRPs was
further checked by HPLC using a gel filtration column.

Non-denaturing, SDS/PAGE and Western blot analysis

Nondenaturing PAGE (7.5%) [14] of purified CRPs were elec-
trophoresed, electroblotted onto nitrocellulose [15] blocked

with 1% BSA and incubated overnight with polyclonal anti-
CRPN antibodies raised in rabbit [4] (diluted 1:200 in TBS-
Tween 20, 0.001% BSA, pH 7.9). The antigen-antibody com-
plex was detected using HRP conjugated goat anti-rabbit IgG
(diluted 1:2,000) with a chromogenic substrate DAB.

CRPs (10 µg) before and after deglycosylation were an-
alyzed by SDS-PAGE (15%) [16]. The gels were stained
with Coomassie Brilliant Blue R-250. The apparent molecular
weights were determined from the standard plot using known
molecular weight markers. CRPs were deglycosylated with tri-
fluoromethane sulphonic acid [4].

Quantitation of CRPs in crude serum by sandwich ELISA

CRP levels in the crude serum were measured by sandwich
ELISA in which the microtiter plates were coated with poly-
clonal murine anti-CRPN antibodies (50 µl/well) in coating
buffer (0.05 M carbonate/bicarbonate buffer, pH 9.6). After
washing with buffer A containing 0.05% Tween-20, 0.01 M
CaCl2 and 0.001% BSA and blocking with BSA (1% w/v),
serum sample (50 µl/well) were added, incubated overnight
at 4◦C followed by washings. Rabbit anti-CRPN (1:1000) was
added, incubated overnight at 4◦C and washed thoroughly. The
binding assayed by HRP-conjugated goat anti-rabbit IgG (1:
5000) with a chromogenic substrate, ABTS and read at 405 nm
by a microtitre plate spectrophotometer (Lab System Multi-
skan, MS). Experiments were repeated four times, each time in
triplicate.

Calcium-dependent CRP-PC binding

CRPs (6 µg/20 µl) were iodinated separately with Na125I [17]
and purified through a Biogel P-10 column. For examination
of Ca2+-dependency of CRP-PC binding, fixed amount of io-
dinated CRPs were separately incubated with Sepharose-PC
(20 µl) and different concentrations of CaCl2 (0–100 mM)
overnight at 4◦C. After repeated washing with buffer A, pellets
were centrifuged and bound CRPs were monitored in a gamma
counter. Experiments were done in quadruplets. Controls were
set up replacing CaCl2 by equal volume of same buffer. Bound
CRP was plotted against CaCl2 (mM) added to calculate the
amount of Ca2+ needed for 50% saturated binding.

CRP-CPS binding by ELISA

The binding of purified CRPs to CPS was tested by incubat-
ing various concentrations of CRP (0–4 µg in 50 µl) on CPS
(200 ng/50 µl of coating buffer) coated plates for overnight at
4◦C. The plate was, extensively washed and probed with rabbit
anti- CRPN (diluted 1000 fold) using HRP color development
system as described above.

Quantitation of bound CRP for Scatchard analysis [18] was
obtained from a separate experiment in which CRPs in serial
dilution (0–4 µg) were coated on to microtitre plates and color
developed was measured as mentioned above. Linear portions
of the plot of OD405 vs CRP concentration obtained from these
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direct binding experiments were used for calculating bound
CRP at a titration point of CPS-CRP binding.

The specificity of CPS binding inhabitable by PC was studied
by competition-inhibition ELISA. Fixed amounts (0.85 µg in
µg/well) of CRPN, CRPCd or CRPHg in separate experiments
were added to the CPS (200 ng/well) coated plates in presence
of varying concentration of PC (0–0.5 M) in buffer A with
0.01 M Ca2+. The plates were treated and read as described
above. Each experiment was done in triplicate.

Metal analysis by atomic absorption spectroscopy

Quantification of metals of the purified CRPs was performed
by atomic absorption spectrophotometer (Perkin-Elmer Model
3280) for the detection of any associated Ca2+, Cd2+, Cu2+,
and Hg2+.

Analytical isoelectric focussing

Analytical isoelectric focusing [19] of CRPN, CRPCd and
CRPHg (10 µg each purified at their peak level) were carried
out on LKB ampholine polyacrylamide gel-(PAG) plates in the
pH range 3–7 under native conditions according to the man-
ufacturer’s instructions (LKB Instruments Ltd., London). The
isoelectric point (pI) was determined as a function of their mi-
gration from the cathode using proteins with known pI values
(Sigma).

Determination of molecular mass by Native PAGE

A series of native gels with 5%, 6%, 7.5%, 8%, 10% and 12%
polyacrylamide were performed [14] with affinity purified
CRPN, CRPCd and CRPHg along with the standard molecu-
lar weight markers: α-lactalbumin (14.2 kDa), carbonic anhy-
drase (29 kDa), chicken egg albumin (45 kDa), BSA (66, 132
kDa) and Jackbean urease (272, 545 kDa). Gels were fixed and
stained for protein. Data were used for the determination of
the native molecular weights of the CRPs [20]. This method
uses the ‘Ferguson plots’ to discriminate among charge iso-
mers, molecular isomers and forms which differ with respect to
both charge and size, as well as to estimate molecular weight
of a multimeric protein.

Electron microscopy

CRPN in buffer A was applied to hydrophilic carbon membranes
supported on copper grids. Negative staining was carried out
with uranyl acetate as described [21]. Molecules were exam-
ined and photographed at a magnification of 60,000× with an
electron microscope (JEM-100CX).

Determination of amino acid compositions

Amino acid analyses were performed [22] on a Pharmacia-LKB
amino acid analyzer. Hydrolysis was done in 6 M HCl under
N2 for 24 h at 110◦C with Norleucine as the internal stan-
dard. Half-cystine values were obtained from samples, which

had been previously oxidized with performic acid. Tryptophan
was determined as described by Bredderman [23]. Amino acid
compositions were used to examine the relatedness of C . catla
CRPs with other CRPs using S�Q indices [6] calculated using
the following formula.

S�Q =
∑

j

(Xi, j − Xk, j )
2

Where subscripts i and k denote two proteins being compared
and X j denotes contents of each amino acid j as percentage.
A program (written in basic and runs on any IBM compati-
ble PC) developed in our laboratory in which either composi-
tion or sequence of proteins could be given as input was used.
Algorithms have been incorporated in the same program to
calculate the molecular weight of a polypeptide subunit from
amino acid compositions based on the principle of Delaage
[24]. The validity of calculations were verified with polypep-
tides of known molecular weights and found to be in good
agreement even after random errors to the extent of 10% were
introduced to the calculated compositions of the amino acids
[25].

Fluorescence emission spectroscopy

Fluorescence spectra of CRPs (370 ug/ml in buffer A) were
obtained in fluorescence spectrofluorimeter (Hitachi model
F-4010, Japan) at 25◦C with excitation at 280 nm and
emission wavelength were recorded over the range of 300–
400 nm.

Circular dichroism (CD) analysis

The CD spectra of purified CRPs (0.5 mg/ml of Buffer A) were
measured at 25◦C in a cuvette of 1 mm path length and 3.0 ml
capacity with a JASCO J720 recording spectropolarimeter over
a range of 200–300 nm. Average of 5 scans were taken for ev-
ery datum, each corrected by subtracting contribution from the
buffer and expressed in terms of mean residue ellipticities [θ ]
in degree cm2 dmol−1 taking 110 as the mean residue molecu-
lar weight. The percentage of α-helix, β-sheet and random coil
was calculated using a computer program of curve fitting based
on minimum standard deviation developed by us [25] using the
standard data [26]. The computer program generates a normal-
ized plot of the θ values taking the observed range between 0
& 100%.

Results

Purified CRPs differ in electrophoretic mobilities
but have crossreactive antigenic sites

The purified CRP from the sera of C . catla fishes confined in
fresh as well as in polluted water, at their paek time of induc-
tion eluted as a single symmetrical peak by 25 mM PC-chloride
from affinity chromatography on Sepharose-PC establishing the
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purity of the protein samples. Elution of all the five CRPs from
the same affinity matrix prompted us to test for their immuno-
logical crossreactivity. The polyclonal antisera prepared against
anti-CRPN shows strong immunological crossreactivity as evi-
denced by western blot analysis on native PAGE of the five puri-
fied CRPs (Figure 1A). The presence of single band in each lane
corresponds to the unique presence of five CRPs at their peak
level (lanes 2–6). Lane 1 shows the electrophoretic mobility of
CRPN.

Figure 1. Qualitative and quantitative difference amongst CRP
variants by western blot analysis. (A) Equal amounts (12 µg)
of CRPN (lane 2), CRPCd (lane 3), CRPHg (lane 4), CRPHex

(lane 5) and CRPPh (lane 6) were blotted onto nitrocellulose
after native PAGE (7.5%) analysis. The primary antibody used
was anti-CRPN (1:200 dilution). HRP conjugated goat anti-rabbit
IgG (1:2,000) was used as secondary antibody. The antigen-
antibody complexes were visualized by DAB. Lane 1 shows
CRPN (12 µg) stained with Coomassie Blue. DF is the dye front.
(B) Quantitation of CRP in serum by sandwich ELISA: C. catla
was exposed for 0–72 h to CdCl2 (60 ppm), HgCl2 (0.10 ppm),
hexachlorocyclohexane (3.70 ppm) and phenol (10 ppm) treated
water as well as in fresh water. At each specified time point
serum was collected and the level of CRPs was quantitated
directly from crude serum by sandwich ELISA as described un-
der “Materials and methods”. Affinity purified CRPN was used as
standard. The level of CRP in serum is plotted against the corre-
sponding time of exposure (0–72 hr) for each pollutant. Normal
level of CRP were determined from control sets at all the time
points and plotted likewise. Means and standard deviations of
eight independent experiments are shown.

Differences in serum CRP levels during acute phase response

Quantitation of the different extent of CRPs induced with in-
creased duration of exposure of C . catla to all four different
pollutants by sandwich ELISA (Figure 1B). All the pollutants
affected the serum level differently both with respect to time
course required to attain the peak of induction and the amount
of total CRP present at these peak levels. Thus, CRPs behaved
as an acute phase reactant with a maximum rise of about 5.0,
3.2, 4.6 and 4.5 folds compared to normal level in the sera
of mercury, hexachlorocyclohexane, cadmium and phenol pol-
luted fishes at 12 h, 12 h, 24 h and 48 h respectively. Consider-
ing the (i) doses, (ii) peak levels and (iii) kinetics of induction,
mercury appears to be the strongest inducer. CRPs returned to
normal level approximately after 48 h with cadmium, mercury
and hexachlorocyclohexane and after 72 h with phenol.

CRP binding to PC is Ca2+-dependent

The Ca2+-dependent PC-binding activity is evident as different
variants of CRP were purified from the PC affinity matrix. The
concentration of Ca2+ necessary for half maximal binding for
CRPN as well as for the four variants was 2.25 mM. A rep-
resentative profile of the binding of CRPN to Sepharose—PC
with increasing concentration of Ca2+ is depicted in Figure 2.
In contrast, no binding was observed in the absence of Ca2+

and binding was completely inhibited by EDTA (0.1 M).

Quantitation of the binding of CRP to CPS

Since all the CRPs showed characteristic Ca2+-dependent bind-
ing to PC it prompted us to evaluate the binding properties
of CRPs with CPS. Figure 3A shows the titration curve of

Figure 2. Calcium dependent binding of CRP to PC-affinity ma-
trix. Increasing concentration of Ca2+ (0–100 mM) was added
to a fixed amount of a mixture of [125I]-labeled CRP and PC-
affinity matrix and incubated overnight at 4◦C to effect binding.
The mixtures were centrifuged, pellets were washed thrice and
the readings (in CPM) were plotted against the concentration
(mM) of Ca2+ added.
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Figure 3 (A and B). Scatchard analysis and specificity of CRP-CPS binding. Fixed amounts of CPS (200 ng/50 µl) were coated on
to the wells and titrated with varying concentrations of CRP (0–4 µg/50 µl). Bound CRP were measured and plotted as a function
of its concentration (A), in which the circles are the experimental points and the solid line is the binding curve calculated from the
apparent association constant obtained from the Scatchard plot (B) in which bound/free CRP has been plotted against bound CRP
(nM). Correlation between color densities and the concentration was obtained from a separate experiment in which varying amounts
of CRP (0–4 µg) was coated. (C) Inhibition of CPS-CRP binding with PC by competition ELISA. On a CPS (200 ng) coated ELISA
plate, a fixed concentration of CRP (850 ng/50 µl) in buffer A along with varying concentrations of PC (0–0.5 M) was incubated.
Bound CRP was measured at 405 nm and the extent of inhibition (%) has been plotted as a function of PC concentration.

CPS with varying amounts of CRPN and the corresponding
Scatchard plot is shown in Figure 3B. The apparent bind-
ing constants (Ka) of CRPN, CRPCd and CRPHg to CPS were
found to be 4.82 × 1010 M−1, 3.27 × 1010 M−1 and 5.23 × 1010

M−1 respectively indicating that the strength of binding vary
significantly.

CRP-CPS binding is inhibited by PC

The specificity of CRP towards the PC moiety of CPS was
confirmed by competition ELISA Figure 3C, which shows the
percent of binding inhibited with increasing amounts of PC. The
binding was fully inhibited by 20 mM PC with a IC50 value of
3.75 mM. Since PC inhibited the binding of CRP to CPS, it is
clear that the binding is through the PC residues of CPS.

Non-existence of metal ion(s) in purified CRPs

On marking the electrophoretic differences between the three
CRP variants the natural query that arose was if this differ-
ence was due to association of metal ions with the induced
CRPs. Atomic absorption spectroscopic results indicate that no

significant amount of metal e.g., Ca2+, Cd2+, Cu2+, and/or
Hg2+ were present in the CRP variants in either bound or asso-
ciated state.

Analysis of charge heterogeneity by Isoelectrofocusing (IEF)

Since metal ion chelation is not the governing factor for different
electrophoretic mobilities we went on to investigate if hetero-
geneity in charge was due to the induced CRPs as compared
to CRPN. Affinity purified CRPN, CRPHg and CRPCd produced
reproducible pattern of single sharp band at pH 5.06, 4.90 and
4.82 respectively in IEF gel (Figure 4) reflecting the existence
of a single molecular entity of CRP at the peak level.

Variation in the molecular weight in CRPs

The variation in their carbohydrate contents [4] and now in their
pI values led us to investigate for differences in the molecular
weights of the purified CRPN, CRPCd and CRPHg. Due to the
high content of carbohydrates, the molecular mass was deter-
mined by various means. CRPN with HPLC retention time of
8.6 estimated to a molecular mass of 199.5 kDa when plotted on
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Figure 4. Isoelectric focusing of CRPs. Experiments were car-
ried out by applying 10 µg of purified CRPN (lane 1), CRPHg

(lane 2) and CRPCd (lane 3) in a pH gradient 3–7 as de-
scribed under Material and methods. The gels were stained with
Coomassie Blue. Standard markers are in lane 4.

the standard curve (figure not shown). Electrophoretic method
showed the corresponding molecular mass values for whole
CRPN, CRPCd and CRPHg as 272, 266 and 287 kDa respectively.
It may be noted that all three forms of the CRPs showed identical
pentraxin structures under electron microscope (Figure 5A). No
apparent differences were observed in the mobility of subunits
in SDS-PAGE showing identical molecular mass of 22 kDa and
29 kDa (Figure 5B, lane 5–7).

Total carbohydrate contents of all CRPs were estimated spec-
trophometrically (at 490 nm) by the phenol sulfuric acid method
and found to be 49.7%, 26.8% and 20.2% for CRPCd, CRPHg

and CRPN [4]. Interestingly, these CRPs after deglycosylation
exhibited subunits of variable mass (Figure 5B, lanes 2–4) cor-
responding to 19.0 and 21.5 kDa for CRPN while subunits of
CRPCd were 16.0 & 18.5 kDa and for CRPHg, 18.0 & 21.5 kDa
respectively. The completeness of deglycosylation was checked
by DIG glycan detection kit [4]. Computational analysis of the
amino acid composition of the three CRPs (excluding the car-
bohydrate content) revealed their subunit molecular weights as
21.6 and 28.8 for CRPN; 15.5 and 19.8 for CRPCd and 16.2 and
20.1 kDa for CRPHg (Table 1).

Analysis of purified CRPs from amino acid compositions

The differences in apparent molecular weight (Table 1) as well
as the identical appearance of the three CRPs on electron mi-
croscopy (Figure 5A) appealed to us to compare their amino
acid contents. From Table 2, it is apparent that small but signif-
icant differences exist between the individual amino acids of the
three proteins. Although, all of them have fairly high content of

Figure 5. (A) Electron micrograph of CRPN. Electron micro-
scopic appearance of CRP molecules negatively stained with
uranyl acetate on the carbon membrane showing pentagonal
structure at a magnification of ×60,000. Inset. A single pen-
traxin structure of C. catla CRP with C5 symmetry. (B) Anal-
ysis of glycosylated and deglycosylated CRPs on SDS-PAGE
(15%). Standard protein markers are in lane 1. Lanes 2–7 rep-
resent 10 µg each of deglycosylated CRPHg, CRPCd, CRPN and
glycosylated CRPs respectively.

acidic amino acids (∼24% of the total), CRPs significantly vary
in content of methionine (CRPHg : CRPCd: CRPN :: 8 : 5 : 1),
tryptophan (CRPN : CRPCd : CRPHg :: 1.6 : 1.4 : 1) and cysteine
CRPCd : CRPN : CRPHg:: 1.04 : 1 : 1.36)

Comparison with CRPs from other species by S�Q analysis

The amino acid compositions have been utilized to examine the
relatedness among different forms of C . catla CRPs and CRP
from other sources. It may be noted that S�Q value between
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Table 1. Molecular mass of the subunits of CRPs in kilo daltons

Subunit molecular mass (monomeric)

From amino
SDS-PAGE analysis1 acid analysis2

CRP Glycosylated Deglycosylated Deglycosylated

CRPN 22, 29 19, 21.5 21.6, 28.8
CRPCd 22, 29 16, 18.5 15.5, 19.8
CRPHg 22, 29 18.0, 21.5 16.2, 20.1

1SDS-PAGE analysis was carried out using glycosylated and degly-
cosylated CRPs according to method of Laemmli [16]. Relative elec-
trophoretic mobilities of all three CRPs were plotted against specified
standard markers. CRPs (200 µg) were deglycosylated with tri-
fluromethane sulphonic acid [4].
2Calculated from amino acid compositions (Table 2) based on the prin-
ciple of Delaage [24].

Table 2. Comparison of amino acid composition of C. catla
CRPs

mol %

Amino acid CRPN CRPCd CRPHg

Asp 9.5 9.8 9.5
Thr 6.9 6.9 6.9
Ser 8.1 8.7 7.8
Glu 12.1 12.2 11.3
Pro 8.1 7.6 8.1
Gly 8.4 8.9 7.5
Ala 5.6 5.7 5.8
1/2 Cys1 2.3 2.2 3.0
Val 6.3 5.9 6.4
Met 0.4 2.0 3.2
Ile 4.6 4.4 4.8
Leu 8.3 7.5 8.2
Tyr 3.2 3.4 3.3
Phe 3.5 3.3 3.5
His 2.6 2.3 2.1
Lys 4.9 4.3 4.1
Trp2 1.1 1.0 0.7
Arg 4.1 4.0 3.8

Amino acid analysis was performed on a Pharmacia-LKB amino acid
analyzer [22]. The values were derived from an average of three hydroly-
sis in 6 M HCl for 24 h at 110◦C. Norleucine was the internal standard.
1Determined separately as cysteic acid after hydrolysis of performic
acid-oxidized sample.
2Determined spectrophotometrically [23].

CRPN and CRPCd is very small (∼5) and that between CRPN

and CRPHg is also close (∼11) indicating very close relation
between them in terms of amino acid composition (Table 3).
From S�Q values C . catla CRPs also show close relatedness
to the mammalian CRP, especially to mouse, rabbit and also to

Table 3. S�Q values between the CRPs of C. catla and CRPs
of other origin

S�Q

Protein CRPN CRPCd CRPHg

C. catla CRPN . . . 4.92 10.72
C. catla CRPCd 4.92 . . . 6.80
C. catla CRPHg 10.72 6.80 . . .
Lumpsucker CRP 55.83 50.02 54.11

Plaice CRP 69.60 75.39 71.00
Dog fish CRP 79.83 69.84 81.95

Rainbow trout CRP 141.79 137.76 149.53
Rabbit CRP 41.26 40.19 42.04
Mouse CRP 32.41 31.60 35.77
Human CRP 83.33 89.38 83.31
Limulus CRP 48.17 52.24 63.29

S�Q indices were calculated using the following formula.

S�Q =
∑

j

(Xi,j − Xk,j)
2

Where subscripts i and k denote two proteins being compared and Xj
denotes contents of each amino acid j as percentage. Calculations were
done using a program developed in our laboratory.

the CRP from the invertebrate, Limulus polyphemus. Though
showing close relation to CRPs from other pisces yet it deviates
significantly from rainbow trout CRP (∼141).

Fluorescence emission measurement of CRPs

The differences in the tryptophan content of CRPs (Table 2)
initiated the investigation of the fluorescence emission spectra
of CRPs. All three forms gave emission maxima at 338 nm but
interestingly the intensities at the maxima differ at the same
concentration of the proteins in the following order CRPN >

CRPCd > CRPHg in accordance with the tryptophan content of
the three CRPs.

Variation in secondary structures of CRPs

To examine if there is any variation in secondary structures of
different forms of CRPs, CD spectra were recorded and ana-
lyzed for α-helix, β-sheet and random coil conformations of
the main chain. Panels a, b and c of Figure 6 present the ex-
perimental points along with the best fitted spectra for CRPN,
CRPCd and CRPHg respectively. The analyses of the secondary
structures revealed 18, 29 and 24% α-helix, 34, 32 and 29%
β-structure and 48, 39 and 46% random coil for CRPN, CRPCd

and CRPHg respectively. It may be noted that the experimental
values could be obtained only up to 210 nm for CRPCd (Panel
b) and 215 nm for CRPN and CRPHg (Panel a & c). However,
the calculated line has been drawn up to 190 nm, as the standard
values are available in the literature [26].
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Figure 6. Circular dichroism Spectra of CRPs. Panels A, B
and C are CD spectra of CRPN, CRPCd and CRPHg respec-
tively (1.2 mg/3 ml in 0.02 M Tris/HCl/0.15 M NaCl, pH 7.9) in
far UV region at 25◦C. The measured mean residue ellipticities
were iteratively fitted with the varying percentages of secondary
structures. After normalization, deviations were calculated for
each step of iteration to obtain the best fit with the lowest devi-
ation. The experimental values are shown as filled circles and
the curve is the best fitted spectra.

Discussion

Although the induction of CRP in acute phase response is well
known it has not been studied in details at the molecular level.
In case human CRP, potential pitfall is the induction from a very
low basal level making it difficult to compare the differences
between the normal and the induced forms. In C. catla the
normal level is quite high (0.2 mg/ml) and is also inducible by
a number agents [4]. Accordingly, this was selected as a model
to examine the molecular nature of different forms of CRP.

The major finding of this investigation is that the normal
form of CRP differs from the induced forms. The character-
ization of these CRPs by native western (Figure 1A), SDS-
PAGE (Figure 5B), analytical IEF (Figure 4) and the molecu-
lar mass of the subunits (Table 1) revealed a variation in their
chemical compositions. Most importantly, marked differences
in electrophoretic mobilities of these CRPs (Figure 1A), gave
the first indication that distinct chemical entities induced in a
pollutant specific manner may arise with variation in the struc-
ture at molecular level. These differences in mobility may also

be attributed to the presence of variable amino sugars as de-
termined by the amino acid analyzer and neutral sugars by gas
liquid chromatography [4]. Overall charge differences perhaps
arise due to variable negatively charged sialic acid content as
detected by DIG glycan differentiation kit and further quantita-
tion by fluorimetric method [4]. It is worthwhile to point out that
sialic acids are directly involved in many biological processes
[27, 28]. Single band in Figure 1 indicate firstly, the purity of
the CRPs to apparent homogeneity, secondly, the presence of
similar antigenic sites on the five proteins, thirdly, their differ-
ences in electrophoretic migration and finally their existence as
distinct and pollutant specific molecular entities.

The sharp and quick rise of CRP level, on exposure to vari-
ous toxic substances, suggests that it may act as an autologous
protective mechanism. Interestingly, though the dosage of the
pollutants applied caused no mortality in the fish, elevated levels
of CRP clearly serve as an index of internal damages. It implies
a possible link between acute phase response and clearance of
toxic substances. Doses of pollutants, peak levels of induction,
and the circulatory life span of the CRPs vary significantly with
types of pollutants (Figure 1B) implicating the necessity for the
urgency of detoxification. The biological significance of this el-
evation for a short time due to systemic inflammatory response
is not yet clearly understood. It may be envisaged that CRP
needs different time and different amount for the clearance of
the toxic pollutants depending on the degree of damage in vivo.

A single band of each purified CRP as observed by IEF
(Figure 4) reconfirm the purity of the samples and thus reflecting
the existence of a single molecular entity of CRP at the peak
level. The CRP variants show slight differences in pI values,
which indicate charge heterogeneity. This may be contributed
by the acidic sugars e.g. sialic acids [4]. Pentraxins from other
species always exhibit heterogeneity of pI [6, 29, 30]. Rainbow
trout CRP shows a pI of 4.74 and whereas rat CRP is composed
of closely spaced bands of pI between 3.8 and 4.0, goat CRP
shows 5 closely spaced bands in pH range 6.65–7.0 and dog
CRP exhibits 12 closely spaced bands (pI 5.6–6.65) and also
an isolated single band at 5.3.

Structural variations in the forms of CRP are also reflected
in their variable sulphur containing amino acids cysteine and
methionine. CRPHg contains 8 and 1.3 times more methion-
ine and cysteine respectively compared to CRPN (Table 2). It
may be envisaged that a mutation in the genomic structure or
post translation deletion of C terminus are possibly responsible.
Both cysteine and methionine are known to possess antioxidant
properties due to their affinity for Hg2+ preventing free radi-
cal production [31]. It may be extrapolated that CRPHg proba-
bly binds to mercury through methionine and/or cycteine and
thus prevents cell damage. Variations in tryptophan content are
corroborated with the differences in intensity of fluorescence
emission spectra.

Variation in molecular size has been repeatedly observed in
SDS-PAGE and amino acid composition. The molecular masses
of deglycosylated CRPs are in good agreement with the values
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obtained from amino acid composition. Because of the high
carbohydrate content, the subunit molecular mass may not be
accurate due to anomalous behavior of glycoproteins in SDS-
PAGE [32]. Simple arithmetic predicts glycosylated masses the
two subunits around 24 & 27.7 for CRPCd, 22.8 & 27.2 for
CRPHg and 22.8 & 25.8 for CRPN respectively. For CRPHg

and CRPN, the observed masses are in close agreement (atleast
with 22 kDa), it is little high for CRPCd as corroborated with its
very high (49%) glycosylation. Similar differences in subunit
molecular masses of glycosylated and deglycosylated forms
have been reported in other CRPs [6, 33].

It may be highlighted that these notable differences in the
electrophoretic mobility could be missed if only SDS-PAGE
were carried out as all the induced glycosylated forms move to
the same position (Figure 5B lane 5–7) but the differences are
observed only in native PAGE. It may therefore be concluded
that these differences are probably due to the cumulative ef-
fects of different types of amino acids, different percentages
and types of sugars as the mobility of proteins in native gels are
known to be affected by charge, mass and effective hydrody-
namic shapes of the molecules. Interestingly, in spite of these
unique differences, Figure 5A reveals that all CRPs are com-
posed of five subunits (paired) per molecule where each unit
of the pentraxin are formed by pairing of the two non-identical
subunits as supported by the appearance of entirely single pen-
tameric disc with no visual tendency to stack.

CD analysis revealed that all three glycosylated CRPs con-
tained different amounts of α-helix and β-sheet structures. Co-
valently linked carbohydrates are known to affect the secondary
structures of a polypeptide. Accordingly, it may be postulated
that the above differences in the main-chain conformations may
be attributed to differences in the carbohydrate composition.

The CRPCd and CRPHg with CRPN showed complete im-
munological cross reactivity (Figure 1A) indicating that there
are enough common epitopes on their surfaces, homologous re-
gion may be the Ca2+ mediated PC binding regions. However,
it would be interesting to identify different epitopes on different
variants of the fish CRP, paving the way for the immunological
detection of the different pollutants.

Taken together, our results strongly suggest that pollutant
specific, unique, molecular variants of CRP, differing distinctly
from each other in their chemical forms, are induced in serum
on exposure to different environmental toxicants in a specific
time dependent manner probably to combat the toxicity thus
generated. Accordingly, our findings would stimulate intensive
search for such type of agent specific induction of other CRPs
of clinical importance. We propose that if such process were
established in case of human CRP it would open up new avenues
of research.
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