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SUMMARY

Limuluspolyphemus C-reactive protein (CRP) (limulin) has approximately 30% amino acid sequence

homology and shares at least one idiotypic determinant associated with ligand-binding activity with
human CRP (hCRP); limulin also shares amino acid sequence homology and lectin activity with
human serum amyloid P component (hSAP). In the present study panels of 14 anti-hCRP
monoclonal antibodies (mAb) directed to distinct hCRP epitopes and I I anti-hSAP mAb directed to

distinct epitopes of hSAP were tested for reactivity with limulin and pentraxins of other species
including rabbit CRP (raCRP), rat CRP and hamster female protein (FP) by ELISA and Western
blot analyses. None of the anti-human pentraxin mAb showed strong cross-reactivity with limulin;
only five mAb reacted with limulin at all, and cross-reactivities of these mAb with the other
pentraxins, when present, also were weak. Cross-reactivity of limulin with hCRP and hSAP was

similar, and in light of comparable amino acid sequence homology, suggests this molecule can be
considered the limulus SAP as well as the limulus CRP. Several anti-hCRP mAb cross-reacted
strongly with rabbit CRP and rat CRP; a few anti-hSAP cross-reacted strongly with FP; and weak
cross-reactions were observed between hCRP and hSAP, but cross-reactivities between the
pentraxins generally were limited and weak. A rabbit polyclonal antibody raised to highly conserved
limulin peptide 141-156 and strongly reactive with limulin reacted weakly with hCRP and raCRP but
failed to react with rat CRP, hSAP or FP. These studies emphasize a limited but distinct antigenic
similarity between limulin, hCRP and other pentraxins, and identify mAb reactive with potential
regions of shared structure and/or function between pentraxins of different species.

INTRODUCTION

C-reactive protein (CRP) is a pentameric protein comprised of
five identical subunits arranged in radial symmetry.' CRP is the
prototypic acute phase protein in man, increasing in concentra-
tion up to 1000-fold in response to inflammation and tissue
necrosis.' 3 CRP is structurally distinct from all other human
proteins except the serum amyloid P component (SAP), with
which it shares amino acid and ultrastructural homology.'-3
SAP also is a pentameric protein, but consists of 10 identical

Abbreviations: CRP, C-reactive protein; FP, (hamster) female
protein; hCRP, human CRP; hSAP, human SAP; KLH, keyhole limpet
haemocyanin; limCRP, limulin or limulus CRP; PC, phosphorylcho-
line; raCRP, rabbit CRP; SAP, serum amyloid P component; TBS,
Tris-buffered saline; VBS, veronal-buffered saline; ZX, soluble zymosan
extract (to which hSAP binds).

Correspondence: Dr H. Gewurz, Dept. of Immunology/Micro-
biology, Rush Medical College, 1753 W. Congress Parkway, Chicago,
IL 60612, U.S.A.

subunits, comprised of two face-to-face pentameric disks.'-3
SAP is a minor (up to 15%) component of all forms of amyloid,
and has been implicated in amyloidogenesis.4 CRP and SAP are
present in sera of a wide range of vertebrate species, including
marine teleost fish and birds as well as many mammals.5 8 Since
vertebrate CRP and SAP have similar pentameric structure and
amino acid sequence homology they have been grouped into a
family of proteins termed 'pentraxins'.9 The CRP pentraxins
characteristically have the capacity for calcium-modulated
binding to phosphorylcholine (PC) and phosphate esters,
polycations and galactans, while SAP pentraxins characteristi-
cally show calcium-dependent binding to polysaccharides such
as agarose via pyruvate acetal and zymosan via mannose
groups.' 3,10,11

Invertebrate CRP has been well characterized in the horse-
shoe crab, where the lectin first described as 'limulin"2 3 was
found by immunologic cross-reactivity, ligand-binding activity
and amino acid sequence homology to also represent the C-
reactive protein of this species.'4 16 Limulin has a MW of
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approximately 500,000;I15.6 is comprised of non-identical sub-
units of approximately 24,000 MW, encoded by three defined
genes, which combine non-covalently to form a doubly stacked
hexagonal structure;'5 6 and has phosphorylcholine- as well as
lectin-binding activity. 12-14 Immunochemical cross-reactivity
has been shown between the CRP of species as phylogenetically
distant as human and the invertebrate horseshoe crab using
polyclonal antibodies.6'8"4"7 19 However, to our knowledge no
cross-reactivity has been reported between CRP and SAP of
man.

We have investigated immunochemical cross-reactivity
between pentraxins by using mAb raised against both human
CRP (hCRP) and human SAP (hSAP) as well as a polyclonal
antibody raised against highly conserved limulus CRP peptide
141-156 which is similar to hCRP peptide 135-150 and hSAP
peptide 133-148.

MATERIALS AND METHODS

Purification of CRP
Limulus CRP (limulin; limCRP) was purified by PC-sepharose
4B affinity and gel filtration column chromatography. Horse-
shoe crab haemolymph (40 ml) was diluted with 120 ml of 75 mM
Tris-buffered saline (TBS; pH 7 3) containing 2 mm calcium
chloride and loaded on a 30-ml PC-sepharose 4B column. The
column was washed with the same buffer until OD280 = 0 01, and
limCRP was eluted with TBS containing 7-5 mm citrate. The
eluate was concentrated, dialysed against 10 mm TBS containing
2 mm EDTA, and chromatographed on a I x 30 cm superose
12 gel filtration fast protein liquid chromatography (FPLC)
column at flow rate of 0-25 ml/min. The peak reactive with anti-
limulin antibody was concentrated and dialysed against 10 mM
TBS containing 2 mm calcium chloride. The protein concentra-
tion was determined by Pierce Coomassie protein assay (Pierce,
Rockford, IL).

hCRP and rabbit CRP (raCRP) were purified as previously
described.20'2' Rat CRP was purified by a modification of the
method used to purify raCRP22 with the CRP-containing eluate
from Sephacryl S-200 passaged through a second PC-sepharose
4B affinity column. The preparation was concentrated, dialysed
against TBS, sterilized by filtration and kept at 4-.

Hamster female protein (FP)
FP was generously provided by Dr J. E. Coe.23

Purification ofhSAP
hSAP was prepared from outdated plasma obtained from the
American Red Cross as described by Potempa et al." Briefly,
hSAP was isolated by Bio-gel 0-5A affinity column chromato-
graphy using TBS containing 2 mm calcium chloride, eluted with
TBS containing 10 mm EDTA. The eluate was dialysed
extensively against TBS, precipitated with 10 mm calcium, spun
for 30 min at 4000 g in a Beckman Centrifuge J6B and washed
twice. The pellets were redissolved in TBS and maintained at 4r.

Preparation ofmAb
The anti-hCRP mAb were described previously.22'24 Anti-hSAP
mAb were prepared using the same methodology and native

hSAP as well as hSAP digested with alpha-chymotrypsin as
immunogens.25

Preparation of limulin peptide 141-156 and anti-limulin peptide
antibody
The synthetic 16-mer L-G-Q-D-Q-D-S-V-G-G-K-F-D-A-T-Q
identical to limulin residues 141-156 was synthesized with an
applied Biosystems 430A automatic peptide synthesizer. This
sequence shows significant identity (63 and 69% respectively) to
the corresponding sequences of human and rabbit CRP. The
peptide was coupled to bovine serum albumin using glutaralde-
hyde and rabbits were immunized as previously described.26

Enzyme-linked immune solid phase assay (ELISA)
The ELISA binding assay was performed as described pre-
viously with minor modifications. In brief, mAb which reacted
preferentially with hCRP or hSAP in the native conformation
were quantified by capture assays in which 10 ,ug/ml keyhole
limpet haemocyanin (KLH-PC) (for hCRP)20 or solubilized
zymosan extract (ZX) (for hSAP)5 were immobilized on poly-
styrene plates with assays carried out in buffer containing 2 mM
calcium chloride; for assay ofmAb reactive with modified hCRP
or hSAP, the pentraxins (5 ,g/ml) were directly immobilized on
polystyrene plates in 10 mm sodium bicarbonate buffer, pH 9-6.
In both groups of assays the wells were washed with 50 mM
veronal-buffered saline (VBS) containing 0 1% Tween 20 (v/v)
(washing buffer) and blocked with 1% BSA in washing buffer
(which also was used as diluent). The affinity-purified mAb at
20 ,ug/ml were diluted serially and incubated with the im-
mobilized pentraxins for 30 min at 37". After washing, peroxi-
dase-conjugated goat anti-mouse IgG (H + L) (Jackson
ImmunoResearch Laboratories Inc., West Grove, PA) was
added to the wells for 30 min at 37C. Substrate [2,2'-azinobis
(3-ethylbenz-thiazoline-sulphonic acid)]; (Sigma Chemical
Company, St Louis, MO) was added and the reaction was
developed for 15 min at room temperature. The plate was read
at A(414) on a Titertek multiskan plate reader (Flow Laborator-
ies, Helsinki, Finland).

Western blots
This assay was performed in SDS-PAGE using 13% poly-
acrylamide gels and the Laemmli buffer system as previously
described,2' and transferring to Immobilon-P membranes (Mil-
lipore Co., Bedford, MA) using the BioRad transblot system
(BioRad, Richmond, CA). The membranes were blocked with
1% bovine serum albumin (BSA) and incubated with affinity-
purified mAb at 20 ,ug/ml or polyclonal antibody at 1:100
dilution, except mAb 3A 1 which was incubated at 40 pg/ml, for
30 min at room temperature followed by three washes with
washing buffer. Samples were incubated with the secondary
antibody, peroxidase-conjugated goat anti-mouse IgG or anti-
rabbit IgG (Pel-Freez Biologicals, Rogers, AK), for 30 min at
room temperature, and after washing, colour was developed
with 4-chloro-l-naphthol as directed (BioRad Laboratories).

For testing binding to limulin, 5 ,ug/ml mAb (except 3A1
which was used at 40 ,ug/ml) was applied and the secondary
antibody was conjugated with alkaline phosphatase (Kirke-
gaard & Perry Laboratories Inc., Gaithersburg, MD), using the
BCIP/NBT (5-bromo-4-chloro-3-indolyl-phosphate/nitroblue
tetrazolium) substrate system obtained from Gibco/BRL life
technologies, Inc., Gaithersburg, MD.
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Table 1. Cross-reactivity between pentraxins tested with anti-hCRP mAb by
ELISA assays

mAb hCRP* limCRPt raCRP* rat CRP* hSAP* FP*

Anti-native CRP mAb
IBI 0-03§ > 20-0 4-0 > 20-0 > 20-0 > 20-0
1D6 0-08 > 20-0 1-25 > 20-0 > 20-0 > 20-0
SAil 0-80 > 20-0 > 20-0 > 20-0 > 20-0 > 20-0
8D8 0003 > 200 003 > 200 > 20-0 > 20-0

Anti-native hCRP mAb which also react with modified CRP
2C10 0 009 2 0 2 50 > 20-0 > 20-0 > 20-0
3A1 6 00 > 20-0 13-0 > 20-0 6-0 > 20-0

Anti-neo-CRP mAb
4B10 0 001 > 20 0 > 20-0 > 20-0 > 20-0 > 20-0
6A12 0 003 20-0$ 3-0 > 20-0 > 20-0 > 20-0
8C10 0 001 > 20-0 0 001 > 20-0 > 20-0 > 20-0
7A10 0.10 > 20-0 > 20-0 > 20-0 2-0 > 20-0
6B7 0.01 > 20-0 0 01 0 01 > 20-0 > 20-0
7A8 0 005 > 20-0 0 005 > 20-0 > 20-0 > 20-0
9H8 0-02 > 20-0 > 20-0 > 20-0 > 20-0 > 20-0
3H12 0 006 >20-0 0-006 0 006 >20-0 >20-0

* Amount (pg/ml) of mAb required for 50% maximal reactivity.
t Amount (pg/ml) of mAb required for 10% maximal reactivity.
$ Did not bind to limulin in Western blot assays.

§ 'Strong' cross-reactivities observed with <01-g/ml are shown in bold
and underlined; 'weak' cross-reactivities are shown in bold only.

RESULTS (a)

Reactivity of anti-human CRP mAb with limulin 97000

Fourteen mAb with specificities for different epitopes of hCRP 42,000 -

were tested for the ability to react with limulin by both ELISA
and Western blot assays. Two anti-native hCRP mAb which 31,000

also react with modified CRP (2C1O and 3A1) bound to limulin

by both ELISA and Western blot assays (Table 1; Fig. 1), 21,000 -,

although at least 1000-fold more 2C1O and 40-fold more 3A1

was required for binding to limulin than for binding to hCRP. A 1 2 3 4 5 6

third anti-hCRP mAb (anti-neoCRP mAb 6A12) also bound (D)
weakly to limulin by ELISA assay but not by Western blot
analysis. The reactivity of2C IO and 3A1 with limulin in Western 90
blot analysis in SDS-PAGE is shown in Fig. la; limulin 66000-

migrated in three bands of about 29,000, 30,000 and 31,000 42000 -
MW, respectively. 2C10 and 3A1 reacted with the 31,000 MW

(most strongly) and 30,000 MW bands, but not with the band of 31,000 _
29,000 MW. Anti-native CRP mAb 1BI directed to the PC-

binding site24 and anti-native CRP mAb 8D8 directed to the 21,000

complement-binding site27 of human CRP did not react with
limulin by either ELISA or Western blot assay (Table 1). 1 v w

Reactivity of anti-human SAP mAb with limulin

Eleven anti-hSAP mAb with specificities for different epitopes25
were used to study further the cross-reactivity between human
pentraxins and limulin. Two mAb (anti-native mAb 8H5 and
8D2; 8D2 also reacts with modified hSAP) reacted with limulin
by ELISA, but more than 1000-fold greater amounts were

required than for reactivity with hSAP (Table 2). Western blots
showed that both mAb were reactive with the 31,000 and 30,000

7 8 9 10 1I 12 13 14

7 8 9 10 11 12 13 14

Figure 1. Western blot reactivity of anti-hCRP (a) and anti-hSAP mAb
(b). Lanes 1-5 in both panels show the protein standards, limulin,
hCRP, hSAP and transferrin, respectively, stained with Coomassie blue.
In (a) limulin, hCRP and transferrin were blotted with mAb 2C10 in
lanes 6-8, mAb 3A1 in lates 9-11, and with control anti-Clq mAb in
lanes 12-14. In (b) limulin, hSAP and transferrin were blotted with mAb
8H5 in lanes 6-8, mAb 8D2 in lanes 9-11 and with control anti-Clq
mAb in lanes 12-14.
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Table 2. Cross-reactivity between pentraxins tested with anti-hSAP
mAb by ELISA assays

mAb hSAP* limCRPt FP* hCRP* raCRP* rat CRP*

Anti-native hSAP mAb
3H7 008t > 200 > 200 04 > 200 > 200
9H3 0-001 > 20 0 > 20-0 > 20 0 > 20.0 > 20-0
8H5 0015 100 > 200 20 50 > 200

Anti-native hSAP mAb which also react with modified SAP
8D2 003 200 >200 50 > 20-0 > 200
2D8 006 > 200 > 200 > 20-0 > 200 > 200

Anti-neo-hSAP mAb
6D3 002 > 200 > 200 > 200 > 200 > 200
5D5 0 007 > 20-0 0.1 0 7 1 25 > 20 0
4C1 1 0313 > 200 > 200 > 200 >200 > 200
2E3 0015 > 200 > 200 > 200 > 200 > 200
7F5 0013 > 200 > 200 > 200 > 200 > 200
2A6 0 002 > 20 0 0 007 9 0 0-002 0 052

* Amount (ug/ml) of mAb required for 50% maximal reactivity.
I Amount (pg/ml) of mAb required for 10% maximal reactivity.
t 'Strong' cross-reactivities observed with < 0 1 jug/ml are shown in

bold and underlined; 'weak' cross-reactivities are shown in bold only.

MW bands, but not with the 29,000 MW band, of limulin
(Fig. Ib).

Reactivity of anti-hCRP mAb with other pentraxins

The two anti-hCRP mAb reactive with limulin by both ELISA
and Western blot assays were tested for reactivity with the other
pentraxins (raCRP, rat CRP, hSAP and FP). mAb 3A1 was
comparably reactive with raCRP and hSAP as with hCRP, and
mAb 2C10 reacted weakly with raCRP; however, both mAb
failed to react with the other pentraxins (Table 1). Of the other
12 anti-hCRP mAb, three of four anti-native CRP (one reacted
strongly) and five of eight anti-neo-hCRP (four reacted
strongly) reacted with raCRP (Table 1 and Fig. 2a); two of the
latter also reacted strongly with rat CRP (Table 1 and Fig. 2b).
One anti-neo-hCRP mAb which failed to react with either
limulin or raCRP reacted weakly with hSAP. mAb 1 B I directed
to the PC-binding site of hCRP24 showed only weak reactivity
with raCRP (about 100-fold less than with hCRP) and no
reactivity at all with rat CRP and FP, while mAb 8D8 directed
to the C I q-binding site of hCRP27 showed strong reactivity with
raCRP but failed to react with rat CRP. None of anti-hCRP
mAb reacted with FP.

Reactivity of anti-hSAP mAb with other pentraxins

The two anti-hSAP mAb reactive with limulin also were tested
for reactivity with the other pentraxins; both mAb reacted
weakly with hCRP and one also reacted weakly with raCRP.
Three of the other nine anti-hSAP mAb reacted weakly with
hCRP, and three of the five anti-hSAP mAb which cross-reacted
with hCRP also cross-reacted with raCRP. Indeed, one of these
cross-reactive mAb reacted with all four other vertebrate
pentraxins tested, and even though this mAb (2A6) was raised to
and bound strongly with human SAP, its reactivity with rabbit

MW (a)

66,000

31,000 1

21,000

66,000 .

42,000

31,000 -

1 2 3 4 5 6 7 8
SCIO 6B7 7A8 3H12 3C7 2A6 5D5

(b)

21,001 04

1 2 3. 4 5 6 7
6B7 7A8 9H8 3H12 3C7 2A6

Figure 2. Western blot reactivity ofmAb against hCRP and hSAP with
rabbit (a) and rat (b) CRP under non-reduced conditions. In (a) lane 1
was stained with Coomassie blue; lanes 2-5 were blotted with anti-
hCRP mAb 8C10, 6B7, 7A8 and 3H12, respectively; lane 6 with anti-
Clq mAb 3C7 as a control; and lanes 7 and 8 with anti-hSAP mAb 2A6
and 5D5. In (b) lane 1 was stained with Coomassie blue; lanes 2-5 were
blotted with anti-CRP mAb 6B7, 7A8, 9H8 and 3H 12, respectively; lane
6 with anti-Clq mAb 3C7; and lane 7 with anti-hSAP mAb 2A6.

and rat CRP was particularly strong; however, it did not react
with limulin (Table 2 and Fig. 2). Only two of 11 anti-hSAP
mAb reacted with FP (Table 2). No other cross-reactivities were
observed.

Reactivity of anti-limulin peptide antibody with limulin and other
pentraxins

A polyclonal antibody was raised in rabbit against limulin
peptide 141-156, a highly conserved region homologous to
hCRP residues 135-150 (11/16 residues identical to limulin) and
hSAP residues 133-148 (12/16 residues identical to limulin). The
antibody bound strongly to limulin and weakly to hCRP and
raCRP but not to rat CRP, hSAP or FP when tested by ELISA
assays involving immobilization of the pentraxin on polystyrene
microtitre plates, conditions known to bring about expression
of neoantigens in the human pentraxins20,24'25 (Fig. 3). This
antibody also bound to the 29,000 MW band but not to 30,000
or 31,000MW bands oflimulus CRP on Western blots (data not
shown), indicating a specificity distinct from the cross-reactive
epitopes recognized by the anti-hCRP and anti-hSAP mAb.
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Figure 3. ELISA reactivity of anti-limulin peptide serum with pentrax-

ins. Pentraxins (5 ,ug/ml) were directly immobilized on the polystrene

plates and incubated with serial dilutions of antiserum. limCRP (0);

RaCRP (0); hCRP (A); hSAP (c); FP (-); rat CRP (0).

This antibody did not bind to either hCRP captured by KLH-

PC or hSAP captured by solubilized zymosan extract (data not

shown), conditions which lead to expression only of native and

not ofneoantigens in the human pentraxins.'0'24'25 Thus, the anti-

peptide antibody was reactive with modified ('neo-') and not

native CRP epitopes, comparable to anti-hCRP mAb specific

for various synthetic CRP peptides which reacted with neo-CRP

but not native CRP determinants.'24

DISCUSSION

There is marked amino acid sequence as well as ultrastructural

homology between the CRP and SAP of various species.'

3,6.7.9,16,28.29 Previous studies utilizing polyclonal antibodies have

indicated distinct cross-reactivities between theC-reactive pro-

teins of different species,8"7"8 including at least one shared

epitope between hCRP and limulin,'4" 9 but these cross-reactivi-

ties have been relatively limited.8 Further, cross-reactivity

between CRP and SAP had not been observed.6'8 The generation

of well-defined panels of mAb against hCRP and hSAP20,24,25

allowed reinvestigation of antigenic similarity between pentrax-

ins of representative species, utilizing CRP from man, rabbit, rat

and the horseshoe crab and SAP of man and hamster to help

identify conserved regions of the molecules. In addition, a

polyclonal antibody tolimulin peptide 141-156, a highly

conserved region containing 12 residues identical with hSAP

133-148 and II identical residues with hCRP 135-150, was

generated for use in this study.

None of the anti-human pentraxin mAb showed strong

cross-reactivity with limulin. Definite, although weak, cross-

reactivity withlimulin was observed with only three of 14 anti-

hCRP mAb and only two of11 anti-hSAP mAb. This limited

cross-reactivity using mAb is consistent with the weak cross-

reactivity between mammalian CRP and limulin reported by

Robey and Liu;'4 the definite but weak cross-reactivity between

hCRP and limulin reported by Vasta et al.'9 and the compara-

tively rare cross-reactions between vertebrate CRP from differ-

ent species reported by Maudsley and Pepys8 using polyclonal

antibodies. Limulin has been considered the horseshoe crab
CRP based upon immunological cross-reactivity, sequence
homology and shared PC-binding activity with hCRP. 14,16
However, limulin has comparable, and perhaps somewhat
greater, sequence homology with hSAP than with hCRP (e.g.
33-3%Mo as compared to 31 7% when limulin encoded by the 1 4
gene is considered) using the GCG Protein Analysis Module of
the Sequence Analysis Software program and also shares lectin-
binding properties with this pentraxin.'0 " 29 Since in the present
study limulin also was shown to have comparable cross-
reactivity with hSAP as with hCRP, it seems reasonable to
consider this molecule the limulus SAP as well as the limulus
CRP.

Calcium-dependent binding to PC is one of the defining
features of the CRP molecule.'-3 Surprisingly, mAb 131 which
reacts with the PC-binding site of huCRP,24 did not react with
limulin or rat CRP and was 100-fold less reactive with rabbit
than with huCRP. The region of the putative PC binding sites of
huCRP, residues 51-66 in the study of Nguyen et al.'5 and
residues 47-63 in the study of Swanson and Mortensen,30 shows
strong homology with rabbit CRP (13/15 and 15/17 identical
residues, respectively). Nonetheless, it has previously been
shown that the PC-binding sites of human and rabbit CRP are
functionally and structurally different.3' The relatively limited
cross-reactivity of this anti-PC-binding site mAb supports the
existence of significant conformational differences in the PC-
binding sites of various species. It is of interest that hSAP also
shows partial homology to hCRP in this region (9/15 and 10/17
identical residues, respectively), even though it lacks PC-binding
activity.

Nguyen et al.'6 and Liu et al.7 pointed out identity in nine of
15 positions between hCRP residues 133-147 and limulin
residues 139-153 in the region thought to be associated with the
Ca>t binding of CRP.3233 The polyclonal antibody was raised
against limulin peptide 141-156 from this region and reacted
strongly with limulin by ELISA and Western blot assays.
Alignment of this'common CRP peptide' with the homologous
regions of hCRP and raCRP, as well as with hSAP andFP, is as
in Table 317 where * indicates residues similar in charge or
hydrophobicity. The anti-peptide antibody bound only weakly
to hCRP and raCRP and did not bind to rat CRP, hSAP or FP
at all. The lack of more extensive immunological cross-reactivity
even in this structurally highly homologous region further
emphasizes the immunological distinctiveness between the
pentraxins generally, and is similar to observations with other
proteins such as myoglobins of different species.34

Most strong cross-reactivities of anti-hCRP mAb (4/8 anti-
neo- and 1/6 anti-native-determinants) and anti-hSAP mAb
(2/6 anti-neo- and 0/5 anti-native-determinants) with pentraxins
of other species involve specificities recognizing sequence-
determined epitopes (i.e. neo-determinants). The stronger reac-
tivities between linear than between conformational pentraxin
determinants are consistent with the results of comparable
investigations with other proteins.35

Despite structural similarities between hCRP and hSAP
including within the purported ligand-binding region identified
by Nguyenet al. (residues 51-66 for CRP)'5 and the region close
to the calcium-binding site considered in this paper (residues
135-150 for CRP), which display amino acid identities of 53 and
75%/o, respectively, no strong and only a few weak cross-
reactivities were observed between hCRP and hSAP. This again

I M=
-

n .
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Table 3. Alignment of the 'common CRP peptide' of limulin with homologous raCRP,
hCRP, hSAP and FP

L G Q D Q D S V G G K F D A T Q limCRP (141-156)

L G Q D Q D S F G G S F E K Q Q raCRP (134-149)

L G Q E Q D S F G G N F E G S Q hCRP (135-150)

L G Q E Q D S Y G G K F D R S Q hSAP (133-148)

L G Q E Q D N Y G G G F D N Y Q FP (132-147)

* Residues similar in charge or hydrobicity.

indicates that despite their structural similarity, there is limited
strong immunological cross-reactivity between the pentraxins
detectable by mAb raised in higher vertebrates. Cross-reactivi-
ties between hCRP and hSAP were not previously reported
when tested by dot-blot assays using anti-CRP mAb24 or by
immunodiffusion assays using polyclonal antibodies,8 but neo-
determinants were not assayed and the sensitivities of the assays
were less than those used in the present study.

It is of interest that the more cross-reactive anti-native CRP
mAb 8D8 was shown to react with the Clq-binding site of
hCRP.27 Similarly, two anti-neo-CRP mAb, 6B7 and 3H12,
whose CRP-binding sites were localized to residues 114-121 and
199-206, respectively,24 were relatively cross-reactive since they
bound to rabbit and rat as well as to human CRP. The former
region was reported to serve as a nuclear localization signal36
and the latter region to be involved in the modulation of
phagocytic leucocytes. These results are consistent with the
hypothesis that functionally significant regions of CRP mol-
ecules are phylogenetically conserved. Thus, even though only
limited cross-reactivities were observed between limulin and the
vertebrate pentraxins as well as within the vertebrate penetrax-
ins, perhaps the cross-reactive mAb identified and cross-reactive
epitopes localized in the present study will be useful in the
further identification and investigation of these functionally
important conserved areas of hCRP and other pentraxins.
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