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Abstract
Mannose binding lectin (MBL) mediated complement pathway is an important constituent of
innate immune response in several infections including neuroinflammatory and neurodegenerative
diseases. Although there are Enzyme-Linked Immunosorbent Assays (ELISAs) for estimating
MBL, MBL-associated serine protease -2 (MASP-2) and functional MBL-MASP-2 (fMBL)
proteins for the plasma, serum and cell supernatants there are no established methods for their
estimation in the cerebrospinal fluid (CSF). We developed sensitive ELISAs for the detection of
MBL, fMBL and MASP-2 in the CSF. First, we adapted standard ELISAs for the detection of
these proteins in the CSF. Second, we used a biotinyl-tyramide based horseradish peroxidase
(HRP) signal amplification for the sensitive detection of these proteins in the CSF. In summary,
using modified ELISA and biotinyl-tyramide based HRP signal amplification, we successfully
detected MBL, fMBL and MASP-2 proteins in the CSF samples with high sensitivity and
reproducibility.
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1. INTRODUCTION
Mannose-binding lectin (MBL), also called mannose-binding protein is coded by the MBL2
gene. MBL is an acute-phase protein synthesized by the liver and is released into the
bloodstream where it recognizes and binds to mannose residues or carbohydrates on
pathogens such as bacteria and viruses. MBL binding to the mannose residues on the surface
of infectious agents activates the MBL-associated serine protease -2 (MASP-2) (Møller-
Kristensen et al., 2003) which in turn triggers the complement activation pathway. Although
these can be detected in plasma and serum samples, there are currently no established
methods to estimate the expression of MBL, MASP-2 and functional MBL/MASP-2
(fMBL) in the cerebrospinal fluid (CSF) because of their low expression levels. Several
studies failed to detect these proteins in the CSF (Munts et al, 2008; Terai I., 1997) except
for one in Alzheimer’s disease that used an in-house ELISA protocol (Lanzrein et al., 1998).
Developing sensitive ELISAs for the detection of MBL, fMBL and MASP-2 in the CSF will
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help in evaluating the lectin based innate and adaptive immune response in central nervous
system and developing therapeutic targets and drug regimens in several brain infections,
neuropinflammatory and neurodegenerative diseases like Alzheimer’s disease, multiple
sclerosis and Huntington disease.

In order to develop ELISAs for the sensitive detection of MBL, MASP-2 and fMBL in the
cerebrospinal fluids, as a first step we adapted the standard plasma/serum ELISA protocols
for estimating these proteins in the CSF samples. Additionally, in the second step we further
modified the CSF ELISA protocols for the sensitive detection of MBL, MASP-2 and fMBL
using enzyme horseradish peroxidase (HRP) signal amplification system that had been used
earlier for plasma, serum and cell supernatant samples (Bobrow et al., 1989; Bobrow et al.,
1991).

2. MATERIAL AND METHODS
ELISA kits for MBL, functional MBL/MASP-2 (fMBL) and MASP-2 (Catalog #s HK323,
HK327, HK326 respectively, Cell Sciences Inc. Canton, MA, USA) were used. These kits
have been used for the detection of MBL (Kirkpatrick et al., 2006), fMBL (Petersen et al.,
2001) and MASP-2 (Møller-Kristensen et al., 2003; Schlapbach et al., 2007) in plasma,
serum and cell culture supernatant samples only. ELISA Tyramide-Signal Amplification
System (ELAST) (Catalog no.NEP116001EA, Perkin Elmer Inc., Waltham, MA) was used
to amplify the HRP signals from CSF ELISAs for all three proteins. Human CSF specimens
with or without multiple sclerosis disease were obtained from the Human Brain and Spinal
Fluid Resource Center, VA West Los Angeles Healthcare Center (Los Angeles, CA)
sponsored by NINDS/NIMH, National Multiple Sclerosis Society and Department of
Veterans Affairs. Results from twenty CSF samples from patients with multiple sclerosis
disease and 7 control healthy individuals without any disease were analyzed in this study.

2.1. Development of ELISAs for the detection of MBL, fMBL and MASP-2 in cerebrospinal
fluid

Samples and reagents were brought to room temperature (RT) at 18–25°C. Plate activation
buffer, wash buffer, dilution buffer, binding buffer or tracer were diluted or reconstituted
according to the recommended protocols. A general protocol for any of the three ELISA kits
for MBL, fMBL and MASP-2 included the following steps.

Plate activation buffer (150 µl) was added to all the wells in an ELISA plate and was
incubated for 30 minutes at RT. For MASP-2 kit plate activation step was not needed.
During incubation, dilution series for MBL, fMBL and MASP-2 standards were made by
diluting the provided respective standards in binding buffer. Eight polypropylene tubes,
numbered 1–8 were used. Tube 8 was set aside with 500 µl binding buffer to be used as
control value. Volume of standard (listed on batch control sheet in respective kits) was
transferred to tube 1 and dilutions were made for tubes 2–7 as recommended by kit protocol.
Tubes 1–8 were used as the standards. Standard curves for MBL included dilution series of
100, 40, 16, 6.4, 2.56, 1.02, 0.41ng/ml, for fMBL it included dilution series of 15, 9, 5.4,
3.2, 1.9, 1.2, 0.7, 0 U/ml) and for MASP-2, it included the dilution series of 100, 50, 25,
12.5, 6.3, 3.1, 1.6 ng/ml. The plate adhesive cover and wash wells were washed 4× with 200
µl wash buffer. A multichannel pipette was used to load 100 µl of each standard and sample,
and an adhesive cover was applied to the ELISA plate and incubated for 1 hour at 37°C in
dark. A multichannel pipette was used to aspirate standards/samples and washed with wash
buffer as stated above. For fMBL assays only (not for MBL and MASP-2 assays) 100 µl
diluted complement component 4 (C4) was added to each well. The ELISA plate was
covered with adhesive cover and was incubated for 1 hour and 30 minutes at 37°C followed
by wash with wash buffer as stated above. Diluted tracer (100 µl) (biotinylated antibody for
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MBL, MASP-2 assays or peroxidase conjugated antibody to human complement component
4 degradation fragment c (C4c) for fMBL assay) was added to all wells. The plate was
covered with adhesive cover and incubated for 1 hour at RT followed by wash as stated
above. Diluted streptavidin-peroxidase conjugate was added to each well, plate was covered
and was incubated for 1 hour at RT followed by wash as stated above. TMB
(Tetramethylbenzidine) substrate (100 µl) was added to wells. Plate was covered, kept in
dark and was incubated at RT for 20–30 minutes. Finally, 100 µl stop solution was added to
wells and read at 450nm by an ELISA reader.

2.2. Development of sensitive ELISAs for the detection of MBL, fMBL and MASP-2 in
cerebrospinal fluid based on signal amplification

HRP signal amplification protocol integrated in the CSF ELISAs included treatment of
samples with biotinyl-tyramide followed by streptavidin-HRP and substrate TMB addition
steps. The ELISA was performed with 1:4 diluted CSF samples as usual up to streptavidin-
peroxidase conjugate step and subsequent washing. No substrate was added. Ten ml of
Biotinyl-Tyramide Working Solution (BTWS) was prepared by adding 5 ml of 2×
Amplification Diluent Concentrate to 5 ml deionized water (1:1) and subsequently 100 µl of
Biotinyl-Tyramide Solution was added in 10 ml of Amplification Diluent. Since 100 µl per
well was required, 10 ml was sufficient for a complete 96-well plate.

BTWS (100 µl) was added to each well and was incubated for 10 minutes at RT. The wells
were washed 4× with PBS-T (PBS-Tween 20). The Streptavidin-HRP was diluted 1:500 (2
µl/ml) in 1% BSA-PBS-T and 20 µl Streptavidin-HRP was used in 10 ml of 1% BSA-PBS-
T. Streptavidin-HRP (100 µl) was added to each well and incubated for 5 minutes at RT
followed by Wash 4× with PBS-T. TMB substrate (100 µl) was added to the wells, plate was
covered, kept in dark and was incubated at RT for 20–30 minutes. Stop solution (100 µl)
was added to the wells and read at 490 nm by an ELISA reader.

3. RESULTS AND DISCUSSION
Our results show that we successfully detected MBL, fMBL and MASP-2 in the CSF
samples by modified ELISA protocols and further increased the sensitivity of these assays
by using biotinyl-tyramide based horseradish peroxidase (HRP) enzyme signal
amplification.

The standard curves for MBL, fMBL and MASP-2 from the optimized standard ELISA and
ELISAs after HRP signal amplification in the CSF were strikingly similar (Figure 1)
suggesting that there were no quantitative differences in two assays with or without the
signal amplification. Additionally, coefficient of correlations were similar in the standard
MBL ELISA (r2 = 0.9958) and after signal amplification (r2 = 0.9966) (Figure 1). For the
fMBL assays, coefficient of correlations were comparable for ELISA (r2 = 0.9989) and after
signal amplification (r2 = 0.9982) protocols. For the MASP-2 assays, standard ELISA and
ELISAs after signal amplification ELAST had similar coefficients of correlations (r2 =
0.9989 and 0.9984 respectively). Three users performed these CSF assays and user
variations were between 5–10% for MBL, fMBL and MASP-2. Inter-assay and intra-assay
variations of 5–10% and 2–5% respectively of reported concentrations in this manuscript
were observed by triplicate determinations of the MBL, fMBL, MASP-2 concentrations in
3–6 CSF samples.

After the integration of HRP signal amplification step in the CSF ELISAs, concentration
range of 1.64 – 56.58 ng/ml for MBL (only 5–7 ng/ml detected in Terai et al) , 4.86 – 30.95
U/ml for fMBL and 21.70 – 44.27 ng/ml concentrations for the MASP-2 were observed
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respectively with a standard variation of 5–10%. With the signal amplification protocol, we
could use 1:4 dilutions, thus saving precious CSF samples.

The HRP signal amplification is based on the catalyzed reporter deposition technology
(Bobrow et al., 1989; Bobrow et al., 1991) where the ELISA reporter enzyme, HRP,
catalyzes the covalent binding of biotinyl-tyramide to the solid surface of a well and
subsequent addition of sreptavidin-HRP cause additional HRP to bind to the solid phase
leading to signal amplification on addition of the chromogenic TMB substrate. To our
knowledge, this is the first report of applying this method for sensitive detection of MBL,
fMBL and MASP-2 in the cerebrospinal fluid samples.

In conclusion, using modified ELISA assay with biotinyl-tyramide based HRP signal
amplification we successfully detected MBL, fMBL and MASP-2 proteins in the
cerebrospinal fluid samples with high reproducibility and sensitivity.
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Figure 1.
Comparative standard curves for quantifying MBL, functional MBL/MASP-2 (fMBL) and
MASP-2 in the plasma by optimized standard ELISAs using Cell Sciences/ Hycult kits
(panels 1A, 2A, 3A) compared to ELISAs of CSF after HRP signal amplification with
ELAST reagent (panels 1B, 2B, 3B) respectively.
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