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1. Introduction

Neisseria meningitidis is a major cause of meningitis and bacteremia, particularly in infants
and children [1]. Efforts to develop a vaccine have been hampered by the difficulty in
identifying antigens that elicit broadly protective antibody responses [2]. In particular,
capsular polysaccharide-based vaccines are effective against most capsular groups but not
group B, which expresses poly alpha 2,8 N-acetyl neuraminic acid (MBPS) [1], a
polysaccharide chemically identical to polysialic acid (PSA) that is abundantly expressed in
heart, brain and kidney of the developing fetus [3,4]. MBPS is poorly immunogenic even
when conjugated to a carrier protein [5-7]. The lack of MBPS immunogenicity may be the
result of immune tolerance to a self antigen or the effects of sialylated glycans in modulating
activation of B cells [8]. Recently, our laboratory showed that derivatives of MBPS
containing de-N-acetylated neuraminic acid residues (Neu) were immunogenic when
conjugated to a carrier protein and elicited antibodies that were reactive with Neu-containing
polysialic derivatives (NeuPSA) [9]. The antibodies were protective against group B strains
in vivo in an infant rat passive protection model of meningococcal bacteremia, but were not
able to mediate bactericidal activity (BCA) with human complement against NmB strains in
vitro [9].

The possible effects of non-human tissue components on expression of particular Nm
antigens and assays used to evaluate antibody functional activity against Nm strains are
poorly understood. For example, only recently was it shown that Nm strains express a factor
H binding protein that facilitates survival of some Nm strains in human blood and is specific
for human factor H [10,11]. As a result, there can be large differences in the measurement of
antibody functional activity between BCA assays that use human compared to non-human
complement. Nm strains are commonly cultured in media containing bovine tissue extracts,
such as Muller-Hinton media, and on plates containing bovine blood products, such as
chocolate agar plates. Also, bovine serum albumin (BSA) is used as an irrelevant protein
supplement in buffers for washing bacteria and diluting antibodies and serum. The bovine-
derived supplements contain N-glycoyl neuraminic acid (Neu5Gc) sialic acid antigens,
which are not found in human tissues [12]. Potentially, the presence of Neu5Gc sialic acid

© 2010 Elsevier Ltd. All rights reserved.

"Corresponding author Mailing address: 5700 Martin Luther King Jr. Way, Oakland, CA 94609 Phone: 510-450-7641; Fax:
510 450-7910; gmoe@chori.org.

Icurrent addresses: School of Medicine, Case Western Reserve University, Cleveland, OH
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Flitter et al.

Page 2

derivatives or other unknown components in bovine-derived blood products could affect the
expression Nm antigens and the functional activity of antibodies targeting Nm antigens.

In the present study, we used two mAbs, SEAM 2 and SEAM 3 that are reactive with
different NeuPSA epitopes and an anticapsular mAb, SEAM 12, to investigate the effect of
culture conditions on the expression of NeuPSA epitopes by group B strains and factors that
affect mAb mediated BCA. SEAM 2, 3 and 12 were produced using a derivative of MBPS
that had been de-N-acetylated then re-N-acetylated with propionyl groups (NPr-MBPS) and
conjugated to tetanus toxoid [13]. SEAM 2 and 3 are reactive with a variety of MBPS
derivatives that contain Neu [9,14,15]. Specifically, SEAM 2 is reactive with NeuPSA
derivatives having a degree of polymerization (Dp) greater than about 10 and containing
between 40% and 60% Neu while SEAM 3 is reactive with NeuPSA derivatives containing
as few as three residues and as little as a single Neu residue (Moe et al, in preparation).

2. Methods

2.1 mAbs

Murine mAbs SEAM 2, SEAM 3, and SEAM 12 were produced by immunizing a CD1
mouse with an N-Pr MBPS-tetanus toxoid conjugate vaccine [13]. The polysaccharide
vaccine antigen contained ~16% Neu [16]. The mAbs were obtained from cell culture by
precipitation with 50% (w/v) ammonium sulfate. The precipitated antibody was washed with
ice cold 30% ammonium sulfate solution, dialyzed against PBS buffer, and purified by
affinity chromatography as described below. Irrelevant isotype control mAbs were obtained
from Southern Biotech (Birmingham, AL).

2.2 mAb purification

In previous studies [13,14,17,18], partially purified preparations of anti-N-Pr MBPS mAbs
SEAM 2 and 3 were used to measure binding and functional activity since standard
purification methods such as affinity chromatography using Protein A or G or ion exchange
chromatography resulted in low yields of SEAM 3. To separate the mAbs from other
components present in the crude ammonium sulfate precipitated fraction, the mAbs were
incubated for 30 min in PBS buffer containing 0.5 M NaySQO4. After removing precipitates
by centrifugation (10,000 x g), the solution was loaded onto a Protein A column (HiTrap
Protein A, GE Healthcare Bio-Sciences, Piscataway, NJ) in 20 mM histidine buffer, pH 6.5,
containing 0.02% Tween 20 (Sigma-Aldrich, Saint Louis, MO) using an Akta FPLC (GE
Healthcare Bio-Sciences). For SEAM 3, most of the antibody is not retained on the column.
The unbound antibody was found to consist of complex N-, O-, and sialylated glycoforms
that showed no binding activity to the nominal N-Pr MBPS antigen or functional activity
against group B strains (B. A. Flitter and G. R. Moe, unpublished). In contrast, the majority
of SEAM 2 was retained on the column and the mAb did not appear to have the multiplicity
of glycoforms observed for SEAM 3. The column was washed with the loading buffer and
the bound antibody was eluted with 0.1 M histidine acetate buffer, pH 2.7 containing 0.02%
Tween-20. Fractions containing eluted antibody were immediately adjusted to pH 6.5 with 1
M TriseHCI buffer, pH 10. The buffer was then exchanged with lyophilization buffer (2 mM
histidine, pH 6, containing 0.002% Tween 20 and 24 mM sucrose (Sigma-Aldrich) using a
PD10 (GE Healthcare Bio-Sciences) size exclusion column and the fractions were
lyophilized. The lyophilized mAb was stored at —80°C. Before use, the lyophilized mAb
was reconstituted with water so that the final buffer contained 50 mM histidine, pH 6, 0.05%
Tween-20, and 600 mM sucrose. The antibody concentration in reconstituted solutions was
determined by comparison with a known concentration of a subclass-matched control mAb
on an SDS-PAGE gel stained with Coomassie Brilliant Blue G-250 (Sigma-Aldrich).
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Three wild-type NmB strains M986 (B:2a:P1.5,2:ST11) [7], NMB (B:2a:P1.5,2:ST8) [19],
and NZ98/254 (B:4:P1.7-2,4:ST42) [20] used in this study were chosen based on their
ability to survive in vivo in an infant rat model of meningococcal bacteremia and in vitro in
human complement, plasma and whole blood.

2.4 Flow cytometry

Antibody binding to live bacteria was measured as previously described [9]. Bacteria used in
the binding studies were cultured in Miller-Hinton (MH) media, Catlin 6 chemically defined
(CDM) media, or CDM supplemented with 5% human serum (CDM HusS) that was heat
inactivated at 56°C and depleted of 1gG. HuS was prepared as described below. The
composition of the CDM media was adapted from Fossa da Paz [21]. CDM was prepared
fresh prior to each experiment by combining pre-made stock solutions of the amino acids,
salts, glucose and iron. Recently it was observed that adding 0.2 mM glutamine (UCSF cell
culture facility) to CDM decreased the doubling time of some strains and was, therefore,
used routinely.

2.5 Bactericidal activity (BCA) assays

The ability of mAbs to mediate bacteriolysis in the presence of human complement was
measured by BCA assay as described by Moe et al. [9]. Bacteria grown overnight on
chocolate agar plates (Remel, Lenexa, KS) were cultured in either MH from ODgygnm = 0.15
t0 0.62, or in CDM Hus starting at ODgpgnm = 0.18 and grown to ODgpgnm = 0.7. The
bacteria were pelleted by centrifugation and then washed in Dulbeccos PBS with Ca%* and
Mg2+ (DPBS), with or without 1% BSA or 1% heat-inactivated 1gG-depleted human serum
(HuS) prepared as described below. The human complement sources used in each assay
were evaluated for intrinsic BCA against test strains in the presence of 30% complement.

2.6 Preparation of IgG-depleted human complement

To minimize the potential for confounding cross-reactive antibodies, human complement
was depleted of IgG as follows. A 5 ml protein G column (HiTrap Protein G HP, GE
Healthcare Bio-Sciences) was fitted with sterilized leur lock valves and two 10 ml syringes
on the top and bottom of the column. 25 ml of sterile filtered DPBS, 0.5% glucose (DPBS
+glu) was used to wash the column which was then chilled for 20 minutes at 4°C. Serum
was removed from —80°C storage and thawed on ice. 5.5 ml of serum was loaded onto the
column and was placed at 4°C for 5 minutes. DPBS+glu was then applied to the column to
displace 1gG depleted serum. Approximately 5 ml of the depleted serum was collected and
immediately placed on ice, aliquoted and frozen at —80°C until used. An additional 5 ml of
DPBS+glu was applied to the column until the flow through was completely clear. The
protein G bound 1gG was eluted from the column with 0.1 M histidine acetate, pH 2.7,
0.02% Tween 20.

2.7 Human plasma bactericidal assay

A human plasma bactericidal assay was used to determine if the mAbs could mediate
complement-dependent bacteriolysis in the presence of 65% human plasma. Bacteria grown
overnight on chocolate agar plates (Remel) were cultured in MH at a starting ODg2pnm Of
0.15 and grown to an ODgpgnm Of 0.62. The bacteria were washed in PBS, 1% BSA and
resuspended in PBS containing 15% HuS to a concentration of ~5x10° bacterial cells per ml.
The total volume of the reaction mixture was 100 pl consisting of 65 pl human plasma, 25 pl
mAb and 10 ul diluted bacteria. Human plasma was obtained from freshly drawn blood from
a donor that was known to lack antibodies that could mediate bacteriolysis or
opsonophagocytosis of the test strain. Recombinant hirudin (Lepirudin (rDNA))
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[Refludan®, Berlex]) was used as an anticoagulant. A solution of Lepirudin was drawn into
a needle fitted to a 60 ml syringe such that the final concentration was 28 pg/ml in the drawn
blood. The blood was transferred to 15 ml conical tubes and centrifuged to remove cells.
The resulting plasma preparation was either used immediately or frozen at —80°C for later
use. The assay was performed in a 96-well plate. Each well received 20 ul of
polymorphonuclear leukocytes (PMNs; prepared as described below) diluted in human
plasma and 45 pl of human plasma added to 25 pl of mAb and 10 pl of bacteria. At T=0, 50
ul, 10 pl and 1 pl from four control wells containing no mAb were diluted in PBS and
spread on chocolate agar plates (Remel). To determine the CFU/ml remaining after 1.5 hr,
the controls and test reactions were also plated on chocolate agar and all plates were
incubated overnight at 37°C.

PMNs were isolated from whole human blood on the day of the assay. 20 ml of blood drawn
in tubes containing EDTA were added to 200 ml of red cell lysis buffer (37 mM ammonium
chloride, 4.75 mM sodium bicarbonate, pH 6.8, 0.6 MM EDTA) and left at room
temperature for ten minutes. The cells were then centrifuged and washed twice with DPBS
without Ca2* and Mg?* (Gibco) containing 1% BSA (Life Blood) and 0.5% glucose). If a
large number of red blood cells remained in the pellet after the wash steps, the red cell lysis
procedure was repeated. The white cell preparation was washed three times as above and the
cell pellet finally resuspended in 1 ml of DPBS wash buffer. The viability and total number
of cells were determined with a hemocytometer after staining with Turks and Trypan Blue.
Additionally, the percentage of PMNs in the white cell preparation was measured using an
ADVIA 120 Hematology System (Bayer Health Care, Tarrytown, NY). The final cell
preparation was diluted in plasma to a concentration of 40 PMNSs to 1 CFU of bacteria.

2.8 Whole human blood bacteremia assay

3. Results

This assay was performed as described for the plasma bactericidal assay using Lepirudin as
an anticoagulant except that 65 pl of whole human blood was substituted for plasma alone.

3.1 Effect of culture conditions on anti-NeuPSA mAb SEAM 2 and 3 binding to live group B

strains

To determine what factors might affect the expression of antigens recognized by the anti-
NeuPSA mAbs and resulting functional activity, we compared mAb binding to two Nm
strains cultured in Muller-Hinton (MH), Catlin 6 chemically defined media (CDM), and
CDM supplemented with 5% IgG-depleted, heat inactivated human serum (CDM HusS)
measured by flow cytometry. Irrelevant, subclass matched murine mAbs were used as
negative controls and the anti-group B capsular polysaccharide-reactive mAb SEAM 12 was
used as a positive control. Binding is indicated by a shift to greater fluorescence compared
to cells incubated in the presence of an irrelevant mAb. All binding experiments were
performed using an antibody concentration of 20 ug/ml. As shown in Fig. 1, binding by the
anticapsular mAb was the same for both Nm strains grown in MH and CDM but slightly
decreased when grown in CDM HuS. SEAM 3 binding was similar under the three culture
conditions although the relative fluorescence was higher for NZ98/254 compared to NMB.
SEAM 2 showed strong binding to NMB and heterogeneous binding to NZ98/254 when
cultured in CDM and strong binding to both strains cultured in CDM HuS. However, SEAM
2 binding was heterogeneous to strain NMB and was negative for NZ08/254 when the
bacteria were cultured in MH media. Therefore, growth in MH media affected the
expression of epitopes recognized by SEAM 2 but not SEAM 3 or the anticapsular mAb.
The greatest binding by the anti-NeuPSA mAbs overall was to bacteria grown in CDM HusS.
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3.2 Human complement-dependent bactericidal activity (BCA) of SEAM 2 and 3 against
NmB strains cultured in MH media

It has been established in several studies that antibody mediated complement-dependent
bactericidal activity (BCA), as measured in vitro, correlates with protection against invasive
meningococcal disease [1,22]. Fig. 2 compares the concentration-dependence of the
anticapsular mAb with anti-NeuPSA-reactive mAbs SEAM 2 and 3 in the BCA assay with
1gG-depleted human complement against three NmB strains. The bacteria were cultured in
Muiller-Hinton (MH) media and buffers used to wash the bacteria and adjust the volume of
the BCA reaction mixture contained 1% BSA. As a control for complement dependent
killing, BCA was measured in the presence of the test antibody with heat-inactivated
complement (filled symbols). The mAb concentrations required to kill 50% of the bacteria
(BCA5p) were 50 to 100-fold lower for the anticapsular mAb compared to SEAM 2 or 3
(Fig. 2 and Table 1).

3.3 Bactericidal activity of SEAM 2 and 3 against group B strains cultured in the presence
of human serum

Since culturing the bacteria in CDM or CDM HusS resulted in increased binding of SEAM 2
to NmB strains compared to bacteria cultured in MH media, we measured BCA mediated by
the mAbs against bacteria cultured in CDM HusS. 1gG-depleted human serum was used as
the media supplement and exogenous complement source to minimize the potential
confounding effects of cross-reactive antibodies. In addition, our standard BCA protocol
uses Dulbecco’s buffered saline (DPBS) containing 1% (w/v) bovine serum albumin (BSA)
for washing and diluting the bacteria, for diluting the mAbs, and for maintaining a constant
volume in the BCA reaction. Therefore, we compared the effect on BCA of bacteria cultured
in CDM Hus, washed in DPBS-BSA or DPBS alone, and resuspended in buffer that
contained BSA or only HuS without BSA, respectively. The anticapsular mAb was used as a
positive control and subclass-matched irrelevant mAbs were used as negative controls. Also
the duration of the reaction was increased from 60 min to 90 min to be consistent with BCA
experiments using human plasma and whole blood described in the following sections.

As shown in Table 1, SEAM 2 mediated BCA against three strains tested when the bacteria
were grown in CDM Hus but only when BSA was excluded from the wash buffer and
reaction mixture. SEAM 3 did not mediate bacteriolysis at mAb concentrations up to 85 ug/
ml in the absence or presence of BSA against any of the strains tested. In contrast to SEAM
2, removing BSA from the BCA assay had no significant effect on BCA mediated by the
anticapsular mAb (Table 1). However, the BCAgg concentration of the anticapsular mAb
was 3- to 10-fold higher in CDM HuS/DPBS than when the bacteria were grown in MH and
the wash and reaction buffers contained BSA (Table 1). Therefore, leaving BSA out of the
reaction mixture did not make the bacteria more susceptible to BCA since the bacteria were
more resistant to SEAM 3 and anticapsular mediated bacteriolysis. The 50- to more than
100-fold difference in BCA activity of SEAM 2 was not the result of differences in SEAM 2
epitope expression or binding interference by BSA since SEAM 2 bound strongly to bacteria
cultured in CDM HuS with BSA present in the binding reaction buffer (Fig. 1).

3.4 Bactericidal activity of SEAM 2 and 3 against group B strain NMB in human plasma and
strain NZ98/254 in human plasma without and with polymorphonuclear leukocytes

As shown in Table 1, human serum in culture media and excluding BSA from buffers
resulted in an increase in the ability of SEAM 2 to mediate killing of group B strains.
However, SEAM 3 was not able to mediate BCA under the same conditions. To determine
how the presence of additional human blood components might affect the functional activity
of the mAbs, we measured the BCA of SEAM 2 and 3 at two concentrations against two
group B strains in the presence of 65% freshly prepared human plasma. The results are
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shown graphically in Fig. 3 for the mAbs tested at 2 pg/ml (checkered bars) and 20 pg/ml
(filled bars). No antibody (gray bars) and an irrelevant murine 1gG2b antibody tested at 20
ng/ml only were included as negative controls. The anticapsular antibody at concentrations
of 2 pg/ml and 20 pg/ml was used as a positive control. In contrast to the BCA assay using
20% human complement, SEAM 3 was able to mediate limited but significant killing
against strain NMB at both mAb concentrations tested but not against NZ98/254. Neither
SEAM 2 or the positive control anticapsular mAb were able to mediate killing of NZ98/254
at antibody concentrations of 2 pg/ml but both had BCA at 20 pg/ml. To determine whether
the mADbs could mediate opsonophagocytosis in addition to bacteriolysis against strain
NZ98/254, the activity of the mAbs in plasma was measured in the presence of
polymorphonuclear (PMN) leukocytes. As shown in Fig. 3, SEAM 2, 3 and the anticapsular
mAb showed increased killing against strain NZ98/254 in the presence of PMNs compared
to plasma alone.

3.5 Passive protection activity of SEAM 2 and 3 against NmB strain M986 in a whole
human blood model of meningococcal bacteremia

The infant rat model of meningococcal bacteremia has been used to evaluate the ability of
naturally acquired or vaccine-induced antibodies to mediate killing of meningococcal strains
[9,23-27]. SEAM 2 and 3 [9,24-27] and polyclonal anti-NeuPSA [9] have been shown to
mediate passive protection against NmB strain M986 bacteremia in the infant rat model.
However, it was shown recently by Granoff et al. that Neisserial factor H binding protein
(fHbp) can be important for survival of meningococcal strains when grown in whole human
blood [11]. However, fHbp was shown to be relatively specific for human fH and, therefore,
the ability of the anti-NeuPSA mAbs SEAM 2 and 3 to mediate protection against NmB
strain M986 in the infant rat could be augmented by the inability of fHbp to bind rat fH. To
determine whether SEAM 2 and 3 could mediate passive protection in the presence of
human fH, we tested the mAbs in an ex vivo whole human blood model of meningococcal
bacteremia [28]. NmB strain M986 was chosen for this experiment because it was used in
the infant rat model experiments described above and survived particularly well in whole
human blood. The anticapsular mAb was used as positive control and an irrelevant mAb as a
negative control. As shown in Table 2, there was no protection against M986 in whole
human blood afforded by an irrelevant mAb at 25 ug/ml. The positive control anticapsular
mAb and SEAM 2 were completely protective at 5 ug/ml and 25 ug/ml. SEAM 3, which had
no activity in the in vitro BCA assay at 85 pg/ml against M986 cultured in CDM HusS and
washed in DPBS (Table 1) was completely protective at 25 ug/ml in whole human blood.

4. Discussion

In this study we have investigated the effect of human serum on binding and functional
activity against Neisseria meningitidis group B strains of two mAbs that recognize different
NeuPSA epitopes. Based on reactivity with synthetic PSA derivatives, the mAb SEAM 3
binds to relatively short NeuPSA oligosaccharides (Dp<4) having as few as a single Neu
residue whereas SEAM 2 binds to longer derivatives (Dp>10) containing approximately
50% Neu residues (Moe et al, in preparation). We found that culturing group B strains in
MH media, which contains bovine tissue-derived components, decreased or eliminated the
expression of epitopes recognized by SEAM 2 but had no measurable effect on the
expression of epitopes recognized by SEAM 3 (Fig. 1). The SEAM 2 epitope was most
highly expressed when the bacteria were cultured in CDM and CDM HusS (Fig. 1). Also, the
presence of bovine serum albumin was found to have a considerable effect on decreasing
BCA mediated by SEAM 2 (Table 1) even though BSA did not affect SEAM 2 binding
when the bacteria were grown in CDM HuS. SEAM 3 mediated significant killing of group
B strains only when tested in 65% human plasma, plasma supplemented with PMNs, or
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whole human blood (Tables 1 and 2). Taken together, the results show that the anti-NeuPSA
antibodies had the greatest functional activity against NmB in a milieu of human blood
components but had little or no activity when bacteria were grown and functional activity
was measured in the presence of bovine blood components.

Humans are the obligate hosts for N. meningitidis, therefore, it is not surprising that some
surface antigens expressed by the bacteria are human tissue specific with respect to control
of expression, specificity of interactions, and functional activity particularly when the
surface antigens have a role in promoting survival in the host. Sialic acids generally are
known to have such role for meningococci. For example, sialic acid-containing capsule
polysaccharides and sialylated LOS have been shown to be important for resistance to
killing in human serum [29,30]. Sialic acids are known to modulate complement activation
by binding fH and preventing binding of mannose binding protein to mannose and fucose
residues present on many bacterial pathogens [29-31].

Currently, little is known about how or why de-N-acetyl sialic acid is produced. However,
Neu is unstable when not in polymeric form and, as a result, it has been suggested that de-N-
acetyl sialic acid antigens are produced after Neu5Ac is linked through glycosidic bonds to
other carbohydrates [32]. Based on anticapsular mAb binding, there was no difference in
capsular polysaccharide production when NmB strains were grown in MH, CDM or CDM
HusS. Therefore, it is possible that the loss of SEAM 2 reactivity and functional activity with
bacteria cultured in MH media resulted from inhibition of PSA de-N-acetylase activity
required to produce longer, more highly de-N-acetylated NeuPSA antigens. For example,
humans express only Neu5Ac sialic acid antigens while other mammals express both
Neu5Ac and N-glycoyl neuraminic acid (Neu5Gc)-containing antigens. The presence of
Neu5Gc in MH media could conceivably have an effect on the production of antigens
reactive with SEAM 2 by NmB strains. However, the loss of SEAM 2 functional activity
when bovine serum albumin was present in the BCA assay did not result from an effect on
antigen expression since SEAM 2 binding was the same in the presence or absence of BSA.
Evidently, BSA or a contaminant in the BSA preparation modulates the ability of SEAM 2
to mediate bacteriolysis.

Although SEAM 2 and 3 reactive antigens were expressed by NmB strains when human
serum factors were present, they were not required for expression since both mAbs showed
strong binding when bacteria were cultured in CDM alone. Alternatively, it appears that
factors present in serum resulted in group B strains being more susceptible to SEAM 2 and 3
mediated killing with the activity increasing as the composition of the exogenous
complement source was closer to being whole human blood. The unknown serum factors
were not likely to be serum antibodies reactive with NmB antigens since the same antibodies
at the same concentrations were present under conditions where the anti-NeuPSA mAbs
mediated and did not mediate BCA. For example the only difference between the conditions
where SEAM 2 did or did not mediate bacteriolysis was the presence of BSA in the wash
buffer and BCA reaction mixture (Table 1).

In summary, the results of this study show that factors present in human blood and bovine
blood products have considerable but opposing effects on the expression of some NeuPSA
epitopes and the activity of antibodies elicited by NeuPSA-based vaccines. While the
mechanism has not yet been elucidated, the results are consistent with the fact that humans
are obligate hosts for Neisseria meningitidis and the activity of anti-NeuPSA is best
evaluated with human blood components in buffers and as a source of complement. The
effects of MH media and BSA on SEAM 2-reactive epitope expression and BCA raise
questions about how relevant bacteria grown in the presence of non-human blood
components are to bacteria that cause invasive disease in humans. Recently, our laboratory
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has observed that Nm strains express binding activity for several human serum proteins, but
binding is negatively affected by non-human blood components in growth media (Flitter et
al, in preparation). The possible effect of human serum protein binding on complement
activation mediated by anti-NeuPSA is currently being investigated as a possible
explanation for the effects of bovine blood products on BCA described here.
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Abbreviations

BCA complement mediated bactericidal activity
CDM chemically defined media Catlin 6
Dp degree of polymerization
HuS IgG-depleted heat inactivated human serum
MH Muiller-Hinton
MBPS Neisseria meningitidis group B capsular polysaccharide
Nm Neisseria meningitidis
N-Pr MBPS N-propionyl MBPS
Neu neuraminic acid
PSA polysialic acid
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Figure 1.

Antibody binding to Nesseria meningitidis group B strains determined by flow cytometry.
Fluorescence in the presence of an irrelevant mAb is indicated by the unfilled histograms
and the indicated test mAb by the filled histograms. The bacteria were cultured in Miller-
Hinton (MH), Catlin 6 chemically defined media (CDM) or CDM supplemented with 1gG
depleted, heat inactivated human serum (CDM HusS) as indicated. [mADb]=20 pg/ml.
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Figure 2.

Concentration dependence of antibody mediated BCA against NmB strains cultured in
Muiller-Hinton media. 1gG-depleted human serum (20% (v/v)) was used as the source of
exogenous complement. The mAbs included anticapsular mAb SEAM 12 (circle) and anti-
NeuPSA mAbs SEAM 2 (square) and SEAM 3 (triangle). Filled symbols indicate activity of
the test mADb in the presence of heat-inactivated complement.
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Figure 3.

Effect of mADs on the survival of Neisseria meningitidis group B strains NMB (A) in human
plasma and NZ98/254 (B) in human plasma or plasma supplemented with PMNSs. The
bacteria were initially cultured in Miller-Hinton media before being diluted and added to the
reaction mixture. mAbs were incubated with the bacteria in 65% human plasma at
concentrations of 2 ug/ml (checkered bars) or 20 pg/ml (black bars) at 37°C for 90 minutes
as indicated. The irrelevant 1gG2b negative control mAb was tested only at 20 ug/ml. CFU/
ml in the absence of antibody (gray bars) is shown at T=0 and T=90 minutes as indicated.
*** P>0.001. **, P=0.001 to 0.01. *, P=0.01 to 0.05.
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Table 2

mAb CFU/ml after 1.5 hr
1pg/ml | 5pg/ml | 25 pg/ml
Irrelevant 19G2b NA NA 493
Anticapsular 220 0 0
SEAM 2 560 0 0
SEAM 3 580 200 0

aBacteria were grown in MH and were washed in buffer containing BSA.
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