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Abstract
Human C-reactive protein (CRP) protects mice from lethality after infection with virulent
Streptococcus pneumoniae type 3. For CRP-mediated protection, the complement system is
required; however, the role of complement activation by CRP in the protection is not defined.
Based on the in vitro properties of CRP, it has been assumed that protection of mice begins with
the binding of CRP to pneumococcal C-polysaccharide on S. pneumoniae and subsequent
activation of the mouse complement system. In this study, we explored the mechanism of CRP-
mediated protection by utilizing two CRP mutants, F66A and F66A/E81A. Both mutants, unlike
wild-type CRP, do not bind live virulent S. pneumoniae. We found that passively administered
mutant CRP protected mice from infection as effectively as the wild-type CRP did. Infected mice
injected with wild-type CRP or with mutant CRP lived longer and had lower mortality than mice
that did not receive CRP. Extended survival was caused by the persistence of reduced bacteremia
in mice treated with any CRP. We conclude that the CRP-mediated decrease in bacteremia and the
resulting protection of mice are independent of an interaction between CRP and the pathogen and
therefore are independent of the ability of CRP to activate mouse complement. It has been shown
previously that the Fcγ receptors also do not contribute to such CRP-mediated protection.
Combined data lead to the speculation that CRP acts on the effector cells of the immune system to
enhance cell-mediated cytotoxicity and suggest investigation into the possibility of using CRP-
loaded APC-based strategy to treat microbial infections.

C-reactive protein (CRP)4 is the prototypic human acute phase protein considered to be a
multifunctional component of the acute phase response and innate host defense machinery
(1–3). CRP displays Ca2+-dependent binding specificity for phosphocholine (PCh) residues
present on C-polysaccharide (PnC) of the cell wall of Streptococcus pneumoniae (4). Once
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CRP is complexed with a ligand such as PnC, it activates the classical pathway of
complement in human serum (5, 6). PnC-bound human CRP also activates mouse
complement, although not through the classical pathway (7). The only other established in
vitro effector function of CRP is to participate in phagocytosis that probably involves
binding of CRP to FcγRs present on human and mouse phagocytic cells (8–13).

In mice, CRP is only a trace serum component and is not an acute phase protein (14).
Therefore, mice have been used to define the in vivo functions of passively administered
purified human CRP. In mouse models of infection, human CRP has been shown to be
protective against lethal infection with S. pneumoniae (15–17). The mechanism of action of
CRP in this protection is partially revealed. It perhaps involves the ability of CRP to
recognize and bind to bacteria through PCh groups present on their surfaces and the
subsequent activation of the complement system by pathogen-bound CRP (2). Using C3
knockout or cobra venom factor-treated decomplemented mice, it has been shown that a
functioning complement system is required to observe full CRP-mediated protection (18–
21). It is not known whether the activation of complement by CRP complexes in mouse
serum is needed for CRP-mediated protection. The FcγRs do not play a role in CRP-
mediated protection of mice from pneumococcal infection (21).

The purpose of this study was to determine whether the binding of CRP to bacteria was a
prerequisite for the protection of mice from pneumococcal infection. We used site-directed
mutagenesis and engineered two mutant forms of CRP, F66A and F66A/E81A, by mutating
the PCh-binding site of CRP (22). Complete biochemical characterization of the CRP
mutants has been reported previously, and their overall structure was found not to be
different from the wild-type (WT) native and WT recombinant CRP (22). We used the CRP
mutants that bind neither PnC nor live virulent S. pneumoniae (Ref. 22 and this article) in
the protection experiments. If the binding of CRP to bacteria was required for the protection
of mice from infection, then the mutant CRP should not be protective. Surprisingly, our
results indicated that the protection was independent of binding of CRP to bacteria and
hence was independent of the property of CRP to activate the complement system.

Materials and Methods
CRP mutants

The construction, expression, and characterization of the CRP mutants F66A and F66A/
E81A have been described earlier (22). For stable expression of CRP mutants, Chinese
hamster ovary cells were transfected with the mixture of 10 μg of mutant CRP cDNA-
p91023 construct and 2 μg of pSV2neo vector (Invitrogen Life Technologies) using the
FuGENE 6 reagent (Roche) as described previously (7). At 96 h posttransfection, stably
transfected cells were selected by growth for another 2 wk in the culture medium
supplemented with Geneticin sulfate. Chinese hamster ovary cell lines for both mutants were
isolated by a series of subcloning steps.

Purification of CRP
The WT native human CRP was purified from pleural fluid by affinity chromatography on a
PCh-Sepharose column followed by ion exchange chromatography and gel filtration
chromatography, as described earlier (7). The F66A and F66A/E81A CRP were purified
from cell culture supernatants by immunoaffinity chromatography with a polyclonal anti-
CRP Ab-conjugated Sepharose column, as before (22, 23). Briefly, the culture medium
containing mutant CRP was diluted in TBS and passed through the immunoaffinity column.
After the column was washed with TBS, bound CRP was eluted with 50 mM glycine-HCl,
pH 3.0, after which the pH was neutralized immediately with 1 M Tris, pH 9.0. Protein-
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containing fractions were pooled and dialyzed against TBS and subjected to ion exchange
chromatography on the MonoQ column. CRP-containing fractions were pooled,
concentrated, dialyzed against TBS, and judged to be pure based on denaturing SDS-PAGE.
The native structure of the CRP mutants was confirmed by gel filtration.

Purification of CRP by immunoaffinity chromatography followed by ion exchange
chromatography did not affect the functional properties of CRP. There was no difference in
the PCh-binding and fibronectin-binding properties of WT CRP purified by either PCh
affinity or immunoaffinity chromatography and subsequent ion exchange chromatography
(22).

For the protection experiment shown in Fig. 5, purified WT CRP and F66A/E81A mutant
CRP were treated with the Detoxi-Gel Endotoxin Removing Gel according to
manufacturer's instructions (Pierce). Then, the concentration of endotoxin in CRP
preparations and buffers was determined by using the Limulus amebocyte lysate kit
QCL-1000 according to manufacturer's instructions (Cambrex).

Mice, bacteria, protection experiments, and bacteremia
C57BL/6J mice (The Jackson Laboratory) were brought up and maintained according to
protocols approved by the University Committee on Animal Care. Both male and female
mice were 8–10 wk old when used in experiments. Virulent S. pneumoniae type 3, strain
WU2, was prepared for infection of mice as described previously (7). Mice were injected
i.v. with 108 CFU bacteria in 100 μl of TBS, unless otherwise mentioned, as described
earlier (7). Mice were injected i.v. with 150 μg of WT or mutant CRP in 150 μl of TBS, 30
min before injecting bacteria, unless otherwise mentioned. Survival of mice was noted twice
per day for 10 days. The plotting of the survival curves was done using GraphPad Prism 4
software (GraphPad). To determine p values for the differences in the survival curves among
various groups, the survival curves were compared using the log rank test contained in the
software. To determine bacteremia (CFU per milliliter), blood was collected daily for 5 days
from the tip of the tail vein of each mouse. Blood was diluted in normal saline, plated on
blood agar plates, and incubated for 18 h at 37°C in candle extinction jars before the
colonies were counted. The plotting and statistical analyses of the bacteremia data were
done using GraphPad Prism 4 software and the Mann-Whitney two-tailed test.

PnC binding assays
Binding activity of CRP for PnC was assessed by three assays. The first assay utilized
purified PnC (Statens Serum Institut) and was dependent on the complement-activating
property of CRP-PnC complexes. Microtiter wells were coated with PnC (40 μg/ml) in PBS.
After blocking with PBS plus 1% BSA and rinsing with buffer A (PBS plus 0.1% BSA plus
1 mM CaCl2), purified WT and mutant CRP diluted in buffer B (buffer A plus 0.01% Tween
20) were added to the wells. After 1 h at 37°C, the wells were washed with buffer B and
rinsed with buffer C (PBS plus 1% BSA plus 0.15 mM CaCl2 plus 0.5 mM MgCl2). Binding
of CRP to PnC was evaluated by the subsequent deposition of C3 from the serum to the
CRP-PnC complexes, as described earlier (24). For that determination, normal human serum
diluted 1/40 in chilled buffer C was added to each well and incubated for 30 min at 37°C.
The serum was preabsorbed with PnC-conjugated agarose for 3 h at 0°C to remove any CRP
and anti-PnC Abs. PnC was linked to Tresyl-activated agarose (Tosh Bioscience) according
to the manufacturer's instructions. The wells were then washed with buffer C, and murine
anti-human C3d mAb (Quidel), diluted to 1 μg/ml in buffer C, was added to each well. After
1 h at room temperature, the wells were washed and developed with HRP-conjugated goat
anti-mouse IgG (Pierce). Color was developed with ABTS reagent and measured at 405 nm
in a microtiter plate reader (Molecular Devices).
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The second PnC binding assay utilized killed S. pneumoniae type 3, strain WU2 (25).
Bacteria were grown for 18 h at 37°C in Todd-Hewitt broth supplemented with 0.5% yeast
extract. Bacteria were killed with 0.5% formalin in normal saline for 1 h at 37°C with
shaking. After a washing with normal saline, the pellet was resuspended in TBS and
adjusted to 1.2 × 108 bacteria/ml using the McFarland opacity standard (26). Aliquots (100
μl) of this suspension were transferred to microtiter wells. After the plate was centrifuged at
2000 rpm for 10 min, 200 μl of ethanol were added to the supernatant in each well. This
mixture of ethanol and supernatant was immediately discarded, and 100 μl of methanol were
added. After 5 min of fixation, the methanol was discarded, and the plates were dried at
37°C and stored at 4°C until use. For the assay, the wells were blocked with TBS plus 0.1%
BSA. The binding curves were constructed using serial dilutions of purified WT and mutant
CRP in buffer D (TBS, pH 7.0, plus 0.1% BSA plus 5 mM CaCl2 plus 0.01% Tween 20).
After overnight incubation at 4°C, the wells were washed with buffer D. Affinity-purified
anti-CRP mAb HD2.4 (23), diluted to 0.5 μg/ml in buffer D, was added to each well. After 1
h at room temperature, the wells were developed as in the first assay.

The third assay utilized live S. pneumoniae type 2, strain R36A (obtained from American
Type Culture Collection). Bacteria (107 CFU) were incubated with increasing amounts of
WT and mutant CRP in a final volume of 200 μl of Todd-Hewitt broth. The bacteria, in the
presence of CRP, were grown overnight at 37°C. Then the bacteria were pelleted, washed
with TBS three times, and resuspended in TBS containing 10 mM EDTA to elute the bound
CRP. After 10 min, the supernatants were recovered by centrifugation. ELISA (23) was used
to determine the amount of CRP in the supernatant.

Binding of CRP to live virulent S. pneumoniae type 3, strain WU2
Virulent bacteria (107 CFU) were incubated with WT and mutant CRP in a final volume of
either 200 μl of Todd-Hewitt broth or 200 μl of mouse serum (1/2 diluted). The bacteria, in
the presence of CRP, were grown for 4 h at 37°C. The bacteria were then pelleted, washed
with TBS three times, and resuspended in TBS containing 10 mM EDTA to elute the bound
CRP. After 10 min, the supernatants were recovered by centrifugation. ELISA (23) was used
to determine the amount of CRP in the supernatant. In a separate assay, after growing
bacteria in the presence of CRP for 4 h at 37°C, an aliquot of the culture was plated to
determine the effect of CRP on the growth of bacteria.

Results
F66A and F66A/E81A mutant CRP, although incapable of binding to PnC, protect mice
from infection

Combined results of three separate protection experiments using WT CRP and mutant CRP
are shown in Fig. 1. The median survival time (the time taken for the death of 50% of mice)
for mice injected with bacteria alone (control group) was 3 days. During this period, survival
was 94 and 92% in the infected mice treated with WT CRP and F66A/E81A CRP,
respectively. No death occurred in 3 days in the infected mice treated with F66A CRP. By
the end of the 6th day, survival was 61% in WT CRP-treated mice, 83% in F66A CRP-
treated mice, and 75% in F66A/E81A CRP-treated mice compared with only 6% of the mice
that survived in the control group. More than 60% mice survived for up to 10 days in mice
treated with any CRP. Thus, both WT and mutant CRP decreased mortality and prolonged
survival of infected mice. These results suggested that the protection of mice conferred by
CRP was independent of its PnC recognition activity and that the direct interaction of CRP
with bacteria was not required for the protection of mice from infection.
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Without binding to bacteria, CRP reduces bacteremia in the infected mice
The bacteremia values, determined every day for 5 days in each mouse from the protection
experiment shown in Fig. 1, are plotted as scatter diagram (Fig. 2). Based on the median
bacteremia values, in all four groups, bacteremia was <1000 CFU/ml of blood 1 day
postinfection. In the control group, the bacteremia increased after day 1 and remained high
until day 4. Mice died once bacteremia approached ~107 CFU/ml. In the mice treated with
either WT or any of the CRP mutants, there was no significant increase in bacteremia past
day 1. Statistically significant differences in bacteremia were observed between the control
and CRP-treated groups by day 2, and the differences persisted until day 4. Thus, the
positive effects of CRP treatment were realized within 2 days of infection. Based on the
median bacteremia values, CRP (WT or mutants)-treated mice had 100- to 1000-fold fewer
bacteria on any day compared with the control group. These results indicated that the
increased resistance to infection in CRP-treated mice was associated with the maintenance
of a reduced bacteremia and that the binding specificity of CRP for PnC had no role in
maintaining the reduced bacteremia.

Comparison of binding of WT and mutant CRP to PnC
The finding that F66A and F66A/E81A mutant CRP protected mice from infection was
unexpected. We therefore reassessed the PnC-binding activity of these CRP mutants using
three assays. In the first assay, the PnC-binding ability of CRP was determined by the extent
of complement activation by CRP-PnC complexes. The WT CRP bound to PnC in a dose-
dependent manner as reflected by the dose-dependent increase in C3 deposition (Fig. 3A).
The F66A CRP was ~50 times less efficient than WT CRP in activating complement,
indicating drastically reduced binding of F66A CRP to PnC compared with WT CRP. In
contrast, negligible C3 deposition was detected with F66A/E81A CRP reflecting the loss of
PnC-binding activity of the double mutant. In the second assay, utilizing extracts from killed
bacteria (Fig. 3B), the F66A mutant CRP exhibited some binding to killed bacteria, but the
F66A/E81A CRP failed to bind killed bacteria throughout the dose-response range. The
results of the third assay using live S. pneumoniae strain R36A are shown in Fig. 3C. As
shown, neither F66A nor F66A/E81A CRP bound to R36A bacteria.

Binding of WT and mutant CRP by live virulent S. pneumoniae strain WU2
We next determined the binding of WT and mutant CRP to bind to S. pneumoniae strain
WU2 that we used in the protection experiments in mice. Fig. 4A shows the results of the
binding assay performed in Todd-Hewitt broth. As shown, neither F66A nor F66A/E81A
CRP was bound to live bacteria. Fig. 4B shows the results of the binding assay performed in
mouse serum. The mutant CRP did not bind to bacteria even in the presence of mouse
serum. Both the WT CRP and the mutant CRP themselves did not kill pneumococci in
culture, suggesting that the antibiotics were not present in CRP preparations (data not
shown). The data obtained from these assays confirmed that the protection of mice seen with
the mutant CRP in Fig. 1 did not involve direct interaction between CRP and bacteria.

The endotoxin, present in the CRP preparations, was not responsible for the protection of
mice from infection

We performed another protection experiment in which endotoxin-free TBS (group A) and
endotoxin-containing TBS (group B) were included as controls (Fig. 5). The concentrations
of endotoxin in TBS, in WT CRP, and in F66A/E81A CRP mutant were comparable. The
median survival time for mice in both control groups A and B was 2.5 days. This result
indicated that the amount of endotoxin given to mice was not sufficient to confer protection
from infection. Similar to the results shown in Fig. 1, there was no significant difference in
the protection mediated by WT and mutant CRP.
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Administration of CRP 36 h postinfection does not confer protection
To determine whether CRP was required during the first 24 h of infection to protect mice,
we injected CRP 36 h after infection and compared the protection seen in the mice treated
with CRP 30 min before infection. As shown in Fig. 6, mice preinjected with CRP were
protected. In contrast, the survival curves for the mice treated with CRP 36 h postinfection
and for the control group were overlapping. Thus, the actions of CRP required for the
protection of mice from infection required the presence of CRP in the early stages of
infection.

Discussion
We investigated the mechanism of CRP-mediated protection of mice from S. pneumoniae
infection. To test the hypothesis that the protection is due to the binding of CRP to bacteria,
we compared the protective ability of WT CRP that binds S. pneumoniae with that of F66A
and F66A/E81A CRP mutants that do not bind to bacteria in mice infected with a lethal dose
of S. pneumoniae. Our major findings were: 1) all CRP species, WT, F66A, and F66A/
E81A, decreased mortality and prolonged survival of infected mice. The binding ability of
CRP for bacteria was irrelevant for the protective function of CRP in the infected mice; 2)
increased resistance to infection in CRP (WT or mutant)-treated mice was associated with
the maintenance of reduced bacteremia. Reduction in bacteremia and the maintenance of
reduced bacteremia occurred without the binding of CRP to the pathogen; 3) the protective
function of CRP was not seen when mice received CRP 36 h postinfection.

Our data indicate that CRP has no role in the decrease in bacteremia during the first 24 h of
infection. Instead, CRP contributes by reducing bacteremia after day 1 and also by
preventing an increase in the already reduced bacteremia thereafter. This contribution of
CRP to the protection of mice from infection did not require binding of CRP to
pneumococci. These results are consistent with the finding that CRP also protects mice from
infection with Salmonella typhimurium, a pathogen to which CRP does not bind (27). The
CRP-mediated protection of mice from LPS challenge (28–30) has also been shown to be
independent of binding of CRP to LPS (31).

CRP activates the complement system only when it is bound to a ligand (5, 6, 32). If the
binding of CRP to bacteria is not involved in the protection of mice from infection, then the
property of CRP complexes to activate complement is also not involved. Because it is
established that complement plays a key role in the protection of mice from S. pneumoniae
infection (33), our data suggest that activation of complement by bacteria participates in the
protection but activation of complement by CRP does not. The protection involves
combined but independent effects of complement and CRP. We hypothesize that
complement serves as the first line of defense and that CRP protects mice from those
bacteria that escape complement attack.

In this study, our aim was to compare the protective ability of WT and mutant CRP. For
that, it was necessary that we used a system where WT CRP showed maximum protection. It
has been shown previously that complement is required to observe maximum protection
mediated by WT CRP (19–21); for those reasons, we did not pursue experiments with C3
knockout or cobra venom factor-treated decomplemented mice.

Under certain experimental conditions, CRP binds to FcγRs (9–13). However, because
FcγRs have been shown not to participate in the CRP-mediated protection of mice from S.
pneumoniae infection (21), we did not investigate the role of FcγR-bearing cells as the
mechanism for the protective function of CRP observed with the CRP mutants. Thus,
presumably both effector functions of CRP, complement activation phagocytosis, do not
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constitute the mechanism of CRP-mediated protection of mice from pneumococcal
infection.

A single prior injection of CRP is sufficient to protect mice from infection (Ref. 15 and this
article). CRP exerts its effect only when injected 6 h before to 2 h after the infection (34). If
CRP acted by binding to bacteria and by subsequent complement activation, then CRP
should have been able to protect even when supplied at later stages of infection. This was
not the case. Combined data therefore support our previous proposal that CRP possibly
contributes to protection of mice from infection by binding to factor H-coated S.
pneumoniae (7). Factor H-coated S. pneumoniae are capable of escaping the attack by the
pathogen-activated alternative pathway of complement (35). Because CRP binds to factor H
(36, 37), CRP may be binding to factor H-coated bacteria to prevent them from escaping the
complement attack (7). To test this hypothesis, the construction of a CRP mutant incapable
of binding to both, bacteria and factor H, is in progress.

Because CRP also protects mice from infectious agents that do not interact with factor H, an
alternate hypothesis therefore is that CRP contributes to the protection of mice from
infection by acting directly on the effector cells of the immune system. Most likely, APCs
would take up CRP and present it in the processed form on their surfaces. APCs exposing
CRP peptides may recognize the pathogenic polysaccharides, in addition to their recognition
by TLRs, and enhance cell-mediated cytotoxicity to reduce bacteremia. It has been shown
previously that a synthetic peptide derived from CRP that did not contain either Phe66 or
Glu81 binds PCh (38). Two lines of evidences support the notion that CRP can become an
autoantigen: 1) upon induction of CRP in mice transgenic for human CRP, T cells have been
found that recognize CRP epitopes on thymic and splenic APCs (39); and 2) anti-CRP
autoantibodies directed toward nonnative forms of CRP have been found to be present in
some patients with systemic autoimmune diseases (40, 41). The hypotheses that we propose
for the mechanisms of action only involve the role of human CRP in mouse pneumococcal
infection.

The in vitro PCh-binding and bacteria-binding properties of CRP would be expected to
correlate to its in vivo protective functions. Although these properties of CRP did not
contribute to protection of mice in our i.v. infection model, we cannot rule out the possibility
that the binding of CRP to bacteria may be relevant to prevent colonization of bacteria in the
intranasal infection model. CRP has been shown to block the attachment of PCh-expressing
bacteria to the receptors for platelet-activating factor on the host cells (42). In addition, the
PCh-binding ability of CRP was required for the protection of mice from challenge with
platelet-activating factor (43).

CRP binds a wide variety of bacteria including several serotypes of S. pneumoniae (44, 45),
Haemophilus influenzae (46), and Neisseriae spp. (47). Although protection experiments
have not been performed with all of them, current data indicate nonspecific resistance
conferred by CRP to bacterial infection. In conclusion, although alternative interpretations
may be possible, combined data suggest that CRP functions in vivo as a surveillance
molecule for pathogens that escape complement, or that escape TLRs, and probably for
those bacteria that escape killing mediated by CD4+ T cells (48, 49). Dendritic cell-based
vaccinations are in use for malignant diseases (50, 51), and our findings raise the possibility
of utilizing CRP-sensitized APC-based treatment strategy to treat microbial infections.
Adoptive transfer experiments must be performed to validate the use of CRP in cell-based
vaccinations.
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FIGURE 1.
Survival curves of mice infected with S. pneumoniae. Mice were injected with 108 CFU of
bacteria, with or without 150 μg of either WT, or F66A, or F66A/E81A CRP. CRP was
injected first; bacteria were injected 30 min later. Deaths were recorded twice per day for 10
days. The data are combined from three separate experiments with six mice in each group:
Experiment 1 was performed with six male mice in each of group A, B, and C; Experiment 2
was performed with six male mice in each group A, B, and D; Experiment 3 was performed
with six female mice in each group A, B, and D. The p values for the differences in the
survival curves among groups A and B, A and C, and A and D are 0.0001, 0.001, and
0.0001, respectively. The p values for the differences in the survival curves among groups B
and C, B and D, and C and D are 0.33, 0.42, and 0.73, respectively.
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FIGURE 2.
Bacteremia in mice treated with WT and mutant CRP. Blood samples were collected from
each surviving mouse shown in Fig. 1 for the first 5 days postinfection. Bacteremia was
determined by plating. Each dot represents one mouse. The horizontal line in each group of
mice represents the median value of bacteremia in that group. A bacteremia value of >107

indicates a dead mouse. The p values for the differences among groups A and B, A and C,
and A and D, on days 2, 3, and 4 are <0.008. The p values for the differences among groups
B and C, B and D, and C and D on days 2, 3, and 4 are >0.05.
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FIGURE 3.
Binding of WT and mutant CRP to PnC. A representative experiment is shown. A,
Deposition of C3 reflecting the formation of CRP-PnC complexes as a function of CRP
dose. Microtiter wells were coated with PnC. Increasing concentrations of purified CRP
were then added to the wells. Normal human serum was then added as the source of
complement. Deposited C3 was detected by using anti-human C3d mAb. Values on the y-
axis represent binding of anti-C3d to C3 deposited on PnC-CRP complexes. B, Binding of
CRP to killed strain WU2 bacteria. Microtiter wells were coated with killed bacteria.
Increasing concentrations of purified CRP were then added to the wells. Bound CRP was
detected using anti-CRP mAb HD2.4 as a reporter. C, Binding of CRP by live S.
pneumoniae strain R36A. A fixed number of bacteria were grown in the presence of
increasing amount of CRP, as shown on the x-axis. Then, CRP that bound to bacteria was
eluted and measured by ELISA. The amount of bound CRP is shown on the y-axis.
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FIGURE 4.
Binding of CRP by live virulent S. pneumoniae strain WU2. A, Binding in Todd-Hewitt
broth. A fixed number of live bacteria were grown in the presence of increasing amount of
CRP, as shown on the x-axis. Then, CRP that bound to bacteria was eluted and measured by
ELISA. Amount of bound CRP is shown on the y-axis. B, Binding in mouse serum. A fixed
number of live bacteria were grown in the presence of 2000 ng of WT or mutant CRP. Then,
CRP that bound to bacteria was eluted and measured by ELISA. The amount of bound CRP
is shown on the y-axis.
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FIGURE 5.
Effect of endotoxin on the CRP-mediated protection of mice infected with S. pneumoniae.
Mice were injected with 0.5 × 108 CFU bacteria, with 150 μg of either WT or F66A/E81A
CRP. Control groups A and B received 150 μl of TBS. The endotoxin levels (EU) are given
in the parentheses. TBS or CRP was injected first; bacteria were injected 30 min later.
Deaths were recorded twice per day for 10 days. Six male mice were used in all groups. The
p values for the differences in the survival curves among groups A and B, A and C, A and
D, and C and D are 0.30, 0.01, 0.004, and 0.87, respectively.
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FIGURE 6.
Survival curves of mice infected with S. pneumoniae. Mice were injected with 108 CFU
bacteria, either alone (●), or with 150 μg of WT CRP. CRP was administered either 30 min
before infection (■) or 36 h after infection (□). Six male mice were used in all groups.
Deaths were recorded twice per day for 10 days.
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