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W N e

Abstract: Lyme disease is a vector-borne illness caused by spirochetes belonging to the Borrelia
burgdorferi species group. These bacteria employ several mechanisms to survive within the vertebrate
host, including evasion of the complement system. In this study, we examine the protection against
human serum killing by the binding of host complement regulators C4b-binding protein (C4BP) and
factor H (FH) to the bacterial surface of B. burgdorferi. Via serum depletion of isolated complement
regulators, we found that the absence of C4BP did not alter the survival of B. burgdorferi strain B31;
however, the removal of FH increased the sensitivity of this strain to human serum as previously
described. The B. garinii seabird-isolated strain Far04, on the other hand, did not bind any complement
regulators of human origin and was serum-sensitive, indicating its special host species specificity.
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1. Introduction

Lyme disease (LD) is a multisystemic infectious disease caused by spiral-shaped
bacteria of the genus Borrelia [1]. The dissemination of the bacteria is dependent on blood
meals from hard-bodied ticks, and during its life cycle, the bacteria encounter hosts of
various species and is forced to adapt to changing immunological environments [2]. The
capability to persist within hosts and thereby the host range has been shown to be largely,
but not exclusively, dependent on the ability to survive in blood through resistance against
the host complement system [3]. The complement system is a group of proteins that act
in a cascade to clear pathogenic organisms. It achieves this through activating processes
such as chemotaxis, enhancing phagocytosis, and lysing cells by forming a membrane
attack complex [4]. Several mechanisms of complement evasion have been described in
LD Borrelia species. These include the binding and inhibition of the early-stage classical
pathway complement activator Clr via the bacterial lipoprotein BBK32, and the suppression
of both the classical and lectin complement pathways by binding the complement subunit
C4b via OspC [5]. The best-characterized and most-studied of the complement evasion
mechanisms is the binding of the host complement regulatory protein factor H (FH) to the
surface of the bacteria. Acquisition of FH and its truncated but functional form factor H-like
protein 1 (FHL-1) on the bacterial surface enhances bacterial survival against serums from
various vertebrate hosts, including humans, and several LD Borrelia proteins responsible
for this action have been described and classified [6]. These include CspA, CspZ, and
members of the OspE family. Members of the OspE family also bind a number of factor
H-related proteins (CFHR). The binding of the other host complement regulator, C4b-
binding protein (C4BP), to the surface of several genospecies of LD Borrelia have also been
described [7]. C4BP is a serum-soluble protein complex that functions as an inhibitor of
the classical and lectin pathways of the complement system, and the bacterial binding
of C4BP as a virulence factor to enhance survival in human serum have been described
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in other bacterial pathogens with C4BP binding increasing serum survival in vitro of
Nontypable Haemophilus influenzae and decreasing complement deposition on the surface
of nonencapsulated pneumococci [8,9]. C4BP binds to a number of LD Borrelia species
via an as of yet uncharacterized receptor but its relevance remains unexplored, raising
the question: Does the binding of C4BP have an impact on survival, which could indicate
this is a bacterial capability important for human infection? In this study, we examined
the effect of C4BP removal from normal human serum (NHS) and the effect on serum
survival of B. burgdorferi strain B31. Furthermore, we compare the effect on serum survival
with B. garinii strain Far04 isolated from an Ixodes uriae tick feeding on Atlantic Puffin
(Fratercula arctica).

2. Materials and Methods
2.1. Bacterial Strains and Culture Condition

Low-passage B. burgdorferi strain B31 (ATCC 35210) and B. garinii strain Far04 [10]
were grown at 35 °C in a Barbour-Stoner—Kelly II (BSKII) medium supplemented with 6%
rabbit serum (RS).

2.2. Preparation of Human Serum

Healthy individuals were recruited through the local blood bank (Umea, Sweden). The
requirement for an ethical permit was waived since all samples were, upon fully informed
consent, anonymized and could not be traced back to the donors. Blood was allowed to clot
for 20 min and normal human serum (NHS) was separated after 8 min of centrifugation at
5000 rpm at RT, followed by another centrifugation at 20,000 rpm for 5 min at RT. NHS not
used directly was aliquoted and stored at —80 °C for further experiments. For subsequent
experiments, NHS from at least five individuals were pooled. Heat-inactivated human
serum (HIS) was prepared by incubating NHS at 56 °C for 30 min. After preparation,
the HIS was stored at —20 °C. All sera were screened for the presence of anti-Borrelia
antibodies by an in-house ELISA based on whole-cell proteins from B. burgdorferi, B. afzelii,
and B. garinii prior to use (Supplementary Figure S5).

2.3. Serum Depletion Assay

Freshly prepared NHS was kept on ice and EDTA was added to a final concentration
of 0.15 mM. Approximately 200 pg of monoclonal anti-C4BP or monoclonal anti-factor
H IgG (Santa Cruz Biotechnology, Dallas, TX, USA) was coupled to AB SpinTrap HP
Protein G-sepharose columns (GE Healthcare Lifesciences, Cardiff, UK). Sera were added
to the columns and incubated at 4 °C for 30 min under gentle agitation and collected
by centrifugation. The complete removal of C4BP and FH was verified by Western blot
(Supplementary Figures S3 and S4). Control serum, NHS, and HIS were passed through
columns without coupled antibodies. The retained complement activity in the depleted
serum and control serum was verified by erythrocyte lysis assay as previously described [11]
(Supplementary Figure S6) and WIESLAB Complement System Screen ELISA kit
(Supplementary Figure S7) (Euro Diagnostica, Malmo, Sweden).

2.4. Serum Survival Assay

Borrelia strains B31 and Far04 were grown to a density of 107 spirochetes/mL, as deter-
mined using a Petroff-Hausser counting chamber. Spirochetes from the same cultivation
batch were used for both assessing serum survival and the capability to bind complement
regulators. To determine serum survival, 10° spirochetes in a 10 uL. BSKII medium were
added to 90 puL 50% NHS, depleted serum, or HIS (diluted in PBS). After the addition
of bacteria, the mixture was supplemented with 0.4 mM CaCl, and 0.7 mM MgCl,, and
incubated for 1 h at 37 °C under light agitation. All samples were tested in quadruplicates.
Twenty microliters (20 puL) of each spirochete/serum suspension were added to a 180 pL
BSKII medium supplemented with 6% RS in a 96-well microtiter plate. The plate was sealed
with Parafilm (Sigma-Aldrich, St. Louis, MO, USA) and incubated for 9 days at 35 °C.
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Spirochete growth was assessed by microscopy examination and daily measurements of
absorbance at 560 nm. As spirochetes multiplied, their acidic metabolic products caused the
pH indicator phenol red in the BSKII medium to change from orange to yellow. This color
change correlated with increased bacterial density, as indicated by decreased absorbance.
To detect possible contamination and assure spirochete viability, one well per sample was
assessed for bacterial growth non-quantitatively on days 3, 5, and 9 using Zeiss Axioscope
40 Phase Contrast Microscope (Zeiss, Oberkochen, Germany) at 400 times magnification.

2.5. Complement Binding Assay

The capability of B31 and Far04 to bind serum-soluble complement regulators was
evaluated as previously described [7]. In short, 5 x 107 spirochetes were washed five times
in an in-house-prepared veronal buffered saline (VBS) and incubated in 50% HIS (diluted
in PBS 20 mM EDTA) for 60 min at 37 °C under light agitation. Serum-absorbed spirochetes
were washed five times in VBS and depleted of bound proteins in 0.1 M glycine-HCl, pH 2
for 15 min at RT. After elution, the samples were centrifuged at 8000 rpm for 4 min at RT
and the supernatants were collected.

Eluted proteins were subjected to SDS-PAGE under non-reducing conditions (NuPAGE-
Novex, Life technologies, Carlsbad, CA, USA) and transferred to PVDF membranes (Pall
Corporation, Port Washington, NY, USA). Membranes were blocked in fat-free milk and
incubated with monoclonal anti-human FH or C4BP antibodies (both at dilution 1:500)
(Santa Cruz Biotechnology, Dallas, TX, USA) and signal was detected via primary, corre-
sponding HRP-conjugated secondary antibodies using the Amersham ECL Western blot
detection kit according to the manufacturer’s instructions (GE Healthcare Lifesciences,
Cardiff, UK) and visualized with a Fujifilm LAS 4000 imaging system (GE Healthcare
Lifesciences, Cardiff, UK). Factor H and C4BP procured commercially were used as positive
controls (Complement Technology, Tyler, TX, USA).

3. Results and Discussion

In this study, we examined if removal of C4BP from NHS, and subsequent abolished
binding of the complement regulator to the surface of the B. burgdorferi strain B31 produced
a measurable difference in serum survival in vitro. Previous studies have employed serum
depletion of C4BP [12,13] and FH [14,15] to investigate the protective effect of these reg-
ulators’ binding to the surface of various bacterial species. Binding C4BP to the bacterial
surface theoretically protects against the classical and lectin pathways of the complement
system. This is achieved by preventing complement factor C4b from attaching to the bacte-
rial cell membrane. Without this attachment, the formation of the classical/lectin pathway
C3-convertase is hindered, and downstream complement enzymatic steps are not activated,
preventing bacterial lysis. The binding of C4BP could also accelerate the degradation of
formed C3 convertase [4]. Both the classical and lectin pathways have been shown to
be important in the clearance of Borrelia infections in murine in vivo systems [16,17], and
reduced activity levels in the lectin pathway have been suggested to be a risk factor for
Borrelia infection in humans [18]. The serum-resistant strain B31 bound both FH and C4BP
of human origin to its surface when incubated in HIS, whereas the serum-sensitive strain
Far04 bound neither of the two serum complement regulators (Figure 1). To assess the
impact on serum survivability in the absence of C4BP and FH, bacteria were incubated
in FH- or C4BP-depleted NHS with inhibitory levels of EDTA. The samples were then
reconstituted with MgCl, and CaCl, to restore complement activity. Depletion of C4BP
from NHS did not alter serum survival of the strain B31 as the bacteria showed the same
increase in bacterial density as after incubation in NHS or HIS. Removal of FH from NHS
did result in a measurable effect on the growth of B31 with a significant reduction in the
observed bacterial density (Figure 2). However, the removal of FH did not render the
bacteria serum-sensitive. Instead, bacterial density increased, although at a lower rate
than the non-depleted control. Motile spirochetes were observed via microscopy at the
final time point on day 9. Strain Far04’s serum survival remained unchanged in FH- or
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C4BP-depleted serum, exhibiting the same growth inhibition pattern as when challenged
with NHS (Figure 2). Thus, in our study, the removal of C4BP did not alter the capability of
the serum-resistant strain B31 to survive in human serum, indicating this capability to likely
be non-essential. Redundancy and multifunctionality in terms of complement interaction
in Borrelia is well described and mechanisms in LD Borrelia that affect the classical and
lectin pathways without C4BP include BBK32s inhibition of C1r and the binding of C4b
to OspC [19]. Exposing B31 to FH-depleted NHS showed a measurable effect on bacterial
growth, supporting the protective role of FH bound to the surface of LD Borrelia. However,
in the absence of FH, the bacteria were not killed by NHS but rather experienced stunted
growth. The antibodies used to make FH-depleted serum in this study were raised against
full length FH, and displayed no reactivity towards FHL-1 or any CFHR. The continued
presence of this/these protein(s) in the serum can therefore not be excluded as a reason as to
why B31 displayed an intermediate serum sensitivity rather than becoming fully sensitive
in the absence of FH. The B. garinii strain Far04 was even more sensitive to human serum,
since it showed no binding of complement regulators and retained its serum sensitivity
when FH and C4BP were removed. The sensitivity to human serum is likely explained by
its avian origin and highlights the theory that certain B. garinii strains have adapted to a
narrower reservoir niche [20]. Far04 lacks the cp32 plasmids and its complement regulatory
Erp protein family but possesses homologues of the cspZ gene and 1p54 plasmid with its
corresponding PFam54 gene array, which is involved in complement interactions in other
Borrelia species [20,21]. The inability to bind FH of human origin observed in this study
correlates with previous findings described for other B. garinii isolates [22,23].

anti-FH
I FH B31 Far04 I
130 — = —
100 —
anti-C4BP
I C4BP B31 Far04 |
100 —
70 | — - —

Figure 1. Western blot detection of FH and C4BP in eluates from serum-absorbed bacteria. FH and
C4BP proteins were used as positive control (full blots, Supplementary Figures S1 and S2).

Experiments in vitro with complement protein interactions is error-prone, as the
handling of the serum itself may trigger the complement cascade. This may cause the
consumption of individual subfactors and thus mandates strict control experiments [24]. In
this study, we employed a commercially available ELISA-based kit that measures neoanti-
gens formed upon activation of selected pathways to all sera. As this test measures the
final products of complement activation and might display accidentally activated com-
plement as functional, we also used an erythrocyte lysis assay that compared the relative
hemolysis of the classical and alternative pathways to a reference mean hemolysis of all
tested sera before pooling. We observed a slight loss of activity in the alternative pathway
after pooling but the hemolytic activity of the sera did not change further during the
experiments. The column-passed and depleted sera lysed erythrocytes to a similar grade
as pooled NHS when MgCl, and CaCl, were added. As the depletion of FH from serum
is especially known to cause rapid activation of the alternative pathway if the reaction is
not hindered by chelating chemicals [25], one could argue that this does not correspond to
a physiological activation in the presence of bacteria, despite the retained ability to lyse
erythrocytes. It is therefore not excluded that the alternative pathway’s changed reaction
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pattern in FH-depleted serum might have influenced serum survival in this part of the
study. In this study, we applied several control experiments to validate the serum potency
and the serum-sensitive strain Far04 remained sensitive to both C4BP- and FH-depleted
sera. In summary, the removal of C4BP did not alter survival of the B31 strain. This is
interesting as this shows that C4BP binding as a singular factor does not explain B31’s
capability to survive in the presence of human complement. LD Borrelia have developed
several mechanisms to counter the various pathways of the complement system at different
stages of the cascade and this display of multifunctionality and redundancy indicates that
complement survival of this pathogen is not a one-factor event but rather the sum of many
mechanisms. These findings show that further studies are needed that determine the roles
that these individual mechanisms play alone and in conjuncture with each other in LD
Borrelia complement survival.
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Figure 2. Growth curves of strain B31 (A) and Far04 (B) after incubation in NHS, HIS, and serum
depleted of complement regulators. Mean increases in bacterial growth with 95% CI are shown.
Statistical analysis was performed using one-way ANOVA followed by Dunnett’s post hoc test
where appropriate, with growth in NHS serving as control. Significant differences marked with
** (p-value < 0.01).

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/pathogens13110976/s1, Figure S1: FH-absorbed full blot. Figure S2:
C4BP-absorbed full blot. Figure S3: FH blot-depleted serum. Figure S4: C4BP blot-depleted serum.
Figure S5: Serology ELISA results. Figure S6: Erythrocyte lysis results. Figure S7: Complement
function ELISA results.

Author Contributions: Conceptualization: T.J., P.C. and S.B. Methodology: T.J. and P.C. Formal
analysis: TJ., P.C., S.B. and J.N. Investigation: T.J. Writing—original draft: T.J.; Writing—review
and editing: P.C., S.B. and J.N.; Supervision: ].N. and S.B.; Project administration: S.B.; Funding
acquisition: S.B. and J.N. All authors have read and agreed to the published version of the manuscript.

Funding: This work was funded by the Swedish Research Council under grant number 07922.

Institutional Review Board Statement: Not applicable.


https://www.mdpi.com/article/10.3390/pathogens13110976/s1
https://www.mdpi.com/article/10.3390/pathogens13110976/s1

Pathogens 2024, 13, 976 60f7

Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in the study are included in the
article/Supplementary Materials; further inquiries can be directed to the corresponding author.

Conflicts of Interest: Author Par Comstedt was employed by the company Evaxion Biotech. The
remaining authors declare that the research was conducted in the absence of any commercial or
financial relationships that could be construed as a potential conflict of interest.

References

1.  Steere, A.C. Lyme disease. N. Engl. |. Med. 2001, 345, 115-125. [CrossRef] [PubMed]

2. Radolf, J.D.; Caimano, M.J.; Stevenson, B.; Hu, L.T. Of ticks, mice and men: Understanding the dual-host lifestyle of Lyme disease
spirochaetes. Nat. Rev. Microbiol. 2012, 10, 87-99. [CrossRef] [PubMed]

3. Kraiczy, P. Travelling between Two Worlds: Complement as a Gatekeeper for an Expanded Host Range of Lyme Disease
Spirochetes. Vet. Sci. 2016, 3, 12. [CrossRef] [PubMed]

4. Sarma, ].V.; Ward, P.A. The complement system. Cell Tissue Res. 2011, 343, 227-235. [CrossRef]

5. Dulipati, V.; Meri, S.; Panelius, ]. Complement evasion strategies of Borrelia burgdorferi sensu lato. FEBS Lett. 2020, 594, 2645-2656.
[CrossRef]

6. Lin, Y.P; Frye, AM.; Nowak, T.A.; Kraiczy, P. New Insights Into CRASP-Mediated Complement Evasion in the Lyme Disease
Enzootic Cycle. Front. Cell Infect. Microbiol. 2020, 10, 1. [CrossRef]

7. Pietikdinen, J.; Meri, T.; Blom, A.M.; Meri, S. Binding of the complement inhibitor C4b-binding protein to Lyme disease Borreliae.
Mol. Immunol. 2010, 47, 1299-1305. [CrossRef]

8. Thofte, O.; Bettoni, S.; Su, Y.C.; Thegerstrom, J.; Jonsson, S.; Mattsson, E.; Sandblad, L.; Marti, S.; Garmendia, J.; Blom, A.M.; et al.
Nontypeable Haemophilus influenzae Ps binds human C4b-binding protein, promoting serum resistance. J. Immunol. 2021, 207,
1566-1577. [CrossRef]

9.  Haleem, K.S,; Ali, YM,; Yesilkaya, H.; Kohler, T.; Hammerschmidt, S.; Andrew, PW.; Schwaeble, W.J.; Lynch, N.J. The Pneumococ-
cal Surface Proteins PspA and PspC Sequester Host C4-Binding Protein to Inactivate Complement C4b on the Bacterial Surface.
Infect. Immun. 2019, 87, e00742-18. [CrossRef]

10. Gylfe, A.; Olsen, B.; Straséviius, D.; Marti Ras, N.; Weihe, P; Noppa, L.; Ostberg, Y.; Baranton, G.; Bergstrom, S. Isolation of Lyme
disease Borrelia from puffins (Fratercula arctica) and seabird ticks (Ixodes uriae) on the Faeroe Islands. J. Clin. Microbiol. 1999, 37,
890-896. [CrossRef]

11.  Nilsson, U.R.; Nilsson, B. Simplified assays of hemolytic activity of the classical and alternative complement pathways. J. Immunol.
Methods 1984, 72, 49-59. [CrossRef] [PubMed]

12.  Hallstrom, T.; Jarva, H.; Riesbeck, K.; Blom, A.M. Interaction with C4b-binding protein contributes to nontypeable Haemophilus
influenzae serum resistance. J. Immunol. 2007, 178, 6359-6366. [CrossRef] [PubMed]

13. Tseng, Y.T.; Wang, S.W.; Kim, K.S.; Wang, Y.H.; Yao, Y.; Chen, C.C.; Chiang, C.W.; Hsieh, P.C.; Teng, C.H. NlplI facilitates deposition
of C4bp on Escherichia coli by blocking classical complement-mediated killing, which results in high-level bacteremia. Infect
Immun. 2012, 80, 3669-3678. [CrossRef] [PubMed]

14. Hallstrom, T.; Zipfel, PF,; Blom, A.M.; Lauer, N.; Forsgren, A.; Riesbeck, K. Haemophilus influenzae interacts with the human
complement inhibitor factor H. J. Immunol 2008, 181, 537-545. [CrossRef] [PubMed]

15.  Schneider, M.C.; Exley, R M.; Chan, H.; Feavers, I.; Kang, Y.H.; Sim, R.B.; Tang, C.M. Functional significance of factor H binding to
Neisseria meningitidis. ]. Immunol. 2006, 176, 7566-7575. [CrossRef]

16. Coumou, J.; Wagemakers, A.; Narasimhan, S.; Schuijt, T.].; Ersoz, ].I; Oei, A.; de Boer, O.].; Roelofs, ].].; Fikrig, E.; Hovius, ].W. The
role of Mannose Binding Lectin in the immune response against Borrelia burgdorferi sensu lato. Sci. Rep. 2019, 9, 1431. [CrossRef]

17.  Zhi, H; Xie, J.; Skare, ].T. The Classical Complement Pathway Is Required to Control Borrelia burgdorferi Levels during Experimen-
tal Infection. Front. Immunol 2018, 9, 959. [CrossRef]

18. Sajanti, E.M.; Grondahl-Yli-Hannuksela, K.; Kauko, T.; He, Q.; Hytonen, J. Lyme Borreliosis and Deficient Mannose-Binding
Lectin Pathway of Complement. J. Immunol. 2015, 194, 358-363. [CrossRef]

19. Skare, ].T.; Garcia, B.L. Complement Evasion by Lyme Disease Spirochetes. Trends Microbiol. 2020, 28, 889-899. [CrossRef]

20. Margos, G.; Hofmann, M,; Casjens, S.; Dupraz, M.; Heinzinger, S.; Hartberger, C.; Hepner, S.; Schmeusser, M.; Sing, A.; Fingerle,
V.; et al. Genome diversity of Borrelia garinii in marine transmission cycles does not match host associations but reflects the strains
evolutionary history. Infect. Genet. Evol. 2023, 115, 105502. [CrossRef]

21. Casjens, S.R.; Di, L.; Akther, S.; Mongodin, E.E; Luft, B.J.; Schutzer, S.E.; Fraser, C.M.; Qiu, W.G. Primordial origin and
diversification of plasmids in Lyme disease agent bacteria. BMC Genom. 2018, 19, 218. [CrossRef] [PubMed]

22.  Wallich, R.; Pattathu, J.; Kitiratschky, V.; Brenner, C.; Zipfel, PE; Brade, V.; Simon, M.M.; Kraiczy, P. Identification and functional
characterization of complement regulator-acquiring surface protein 1 of the Lyme disease spirochetes Borrelia afzelii and Borrelia
garinii. Infect. Immun. 2005, 73, 2351-2359. [CrossRef] [PubMed]

23. Rogers, E.A.; Marconi, R.T. Delineation of species-specific binding properties of the CspZ protein (BBH06) of Lyme disease

spirochetes: Evidence for new contributions to the pathogenesis of Borrelia spp. Infect. Immun. 2007, 75, 5272-5281. [CrossRef]
[PubMed]


https://doi.org/10.1056/NEJM200107123450207
https://www.ncbi.nlm.nih.gov/pubmed/11450660
https://doi.org/10.1038/nrmicro2714
https://www.ncbi.nlm.nih.gov/pubmed/22230951
https://doi.org/10.3390/vetsci3020012
https://www.ncbi.nlm.nih.gov/pubmed/29056721
https://doi.org/10.1007/s00441-010-1034-0
https://doi.org/10.1002/1873-3468.13894
https://doi.org/10.3389/fcimb.2020.00001
https://doi.org/10.1016/j.molimm.2009.11.028
https://doi.org/10.4049/jimmunol.2100105
https://doi.org/10.1128/IAI.00742-18
https://doi.org/10.1128/JCM.37.4.890-896.1999
https://doi.org/10.1016/0022-1759(84)90432-0
https://www.ncbi.nlm.nih.gov/pubmed/6747305
https://doi.org/10.4049/jimmunol.178.10.6359
https://www.ncbi.nlm.nih.gov/pubmed/17475865
https://doi.org/10.1128/IAI.00320-12
https://www.ncbi.nlm.nih.gov/pubmed/22802341
https://doi.org/10.4049/jimmunol.181.1.537
https://www.ncbi.nlm.nih.gov/pubmed/18566420
https://doi.org/10.4049/jimmunol.176.12.7566
https://doi.org/10.1038/s41598-018-37922-8
https://doi.org/10.3389/fimmu.2018.00959
https://doi.org/10.4049/jimmunol.1402128
https://doi.org/10.1016/j.tim.2020.05.004
https://doi.org/10.1016/j.meegid.2023.105502
https://doi.org/10.1186/s12864-018-4597-x
https://www.ncbi.nlm.nih.gov/pubmed/29580205
https://doi.org/10.1128/IAI.73.4.2351-2359.2005
https://www.ncbi.nlm.nih.gov/pubmed/15784581
https://doi.org/10.1128/IAI.00850-07
https://www.ncbi.nlm.nih.gov/pubmed/17846117

Pathogens 2024, 13, 976 70f7

24. Lachmann, PJ. Preparing serum for functional complement assays. J. Immunol. Methods 2010, 352, 195-197. [CrossRef]
25. Ferreira, V.P; Pangburn, M.K.; Cortés, C. Complement control protein factor H: The good, the bad, and the inadequate. Mol.
Immunol. 2010, 47, 2187-2197. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.jim.2009.11.003
https://doi.org/10.1016/j.molimm.2010.05.007

	Introduction 
	Materials and Methods 
	Bacterial Strains and Culture Condition 
	Preparation of Human Serum 
	Serum Depletion Assay 
	Serum Survival Assay 
	Complement Binding Assay 

	Results and Discussion 
	References

