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ABSTRACT 

The complement system is a part of the innate immunity. Its function is to eliminate patho-

gens, by proteins interacting directly with pathogen surfaces and promoting a pro-inflamma-

tory and anti-microbial environment. Related to the lectin pathway of the complement system 

are ten known proteins, with component properties and disease association still unclear. The 

aim of this study was to evaluate the instrument WES for the detection of seven proteins as-

sociated to the lectin pathway. The novel instrument introduces an automated technique based 

on capillary electrophoresis and immunoblotting. Trials were performed on donor plasma us-

ing instrument associated kits. For the evaluation, these kits were combined with assorted pri-

mary and secondary antibodies from several species, as well as antibodies in biotinylated 

form. The high protein content of plasma caused many artefacts, affecting separation and dis-

playing unspecific binding of both primary and secondary antibodies. Biotinylated antibodies 

coupled with the kit streptavidin-horseradish peroxidase showed the best results for further 

trials. Several issues remain to be solved in the optimization, including determining the un-

specificity of biotinylated primary antibodies, best antibody concentrations and optimal sam-

ple preparation and dilution.  
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INTRODUCTION 

    The human immune system is an intricate network of cells and molecules working together 

to protect the body from various pathogens and toxic substances. The system´s key function is 

the ability to distinguish the body’s healthy tissues from non-self or altered self, thereby ena-

bling elimination of harmful elements without damaging healthy cells. It is divided into the 

two main categories: innate and acquired immunity. The innate system consists essentially of 

physical barriers, phagocytic cells and the plasma proteins of the complement cascade. As the 

body’s first line of defence, it acts quickly and at the site of the infection. If an invading mi-

crobe or a foreign body evades the innate immune system, the adaptive immunity becomes 

involved via a different signalling from the innate immunity. This process that includes cell 

mediated-immunity related to the T-cells and humoral immunity connected to the B-cells. 

Whereas adaptive immunity refers to its capacity for antigen-specific response, the activation 

time is longer than that of innate immunity. Moreover, for initiating the activity of the adap-

tive system, signalling from cells and components of the innate immunity is imperative. How-

ever, the complement system not only interacts directly with foreign substances, leading to 

their elimination by opsonizing them. It also induces inflammation by releasing chemotaxes 

and anaphylatoxins, which are important role in recruiting and activating the immune cells. 

    The complement system consists of more than 30 proteins, both soluble and membrane 

bound components. It is a cascade system activated through the cleavage of zymogens circu-

lating in the blood. The system is divided into three main pathways, the classical (CP), lectin 

(LP) or alternative (AP). The CP, which was the first pathway to characterized, is triggered 

through the recognition of antigen-antibody (Ag-Ab) complexes. LP is initiated when binding 

to carbohydrates on the surfaces of microorganisms. Activation by AP can occur by self-acti-

vation or by the adsorption to various surfaces but mainly it acts as an amplification loop for 

the other two pathways.  

    The CP and LP are parallel systems with the initial activation occurring in a similar way. 

Both pathways consist of two parts: the recognition part, including structurally corresponding 

pattern recognition molecules (PRMs) and the activation part, which consists of enzymatically 

active proteins. Upon binding to a pathogen (LP) or to an immune complex (CP), a conforma-

tional change ensues, leading to the activation of associated enzymes. The activation leads to 

cleavage of complement factors C2 and C4, its products C2a and C4b together forming an en-

zymatic complex named C3-convertase. The complex will in turn cleave the central protein of 

the cascade, which is C3. The binding of cleavage product C3b to C3-convertase leads to the 

formation of a new enzymatic structure named C5-convertase. This complex cleaves C5, its 
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product C5b subsequently forming a ring structure on pathogen surfaces with factors C6, C7, 

C8 and poly-C9. The formed structure is called C5b-9 or terminal complement complex 

(TCC) and leads to the lysis of a microorganism or cell by creating pores on through it mem-

brane. There are also other effects of the complement activation that promote a pro-inflamma-

tory and an anti-microbial environment. The splicing products, C3a and C5a function as ana-

phylatoxins and chemotaxes. The clearance of apoptotic cells and antigen-antibody com-

plexes occur with the help of fragments C3b and C4b. Other C3 fragments, like iC3b, C3c, 

C3dg and C3d, function as opsonins and are involved in the activation of the adaptive immun-

ity. 

    The PRM of CP is C1q, associated with two proteases: C1r and C1s, to for the C1-com-

plex. As for LP, the construction is more complicated. So far six PRMs are recognized: Man-

nan Binding Lectin (MBL), Ficolin-1, -2, -3, Collectin-11 (CL-K1), -10 (CL-L1). These pro-

teins are associated to the three enzymatically active proteases Mannan-binding lectin-Associ-

ated Serine Proteases (MASPs)-1, -2, -3 and the non-active proteins MAP-1 and -2. It is also 

the most recently described yet believed to be the most ancient of the pathways. The mecha-

nisms of initiation through LP and the role of all components are still not well defined and 

many questions remain surrounding the properties of the proteins. The PRM mannan-binding 

lectin (MBL) was the first component of LP to be characterized and initially thought to be a 

part of CP (Ikeda K, Sannoh T, et al. 1987). It is a C-type lectin, meaning a Ca2+-dependent 

and carbohydrate-binding protein. It is found in the bloodstream as a sizeable oligomeric pro-

tein with a “flower bouquet”-like structure. Each polypeptide chain of MBL has three do-

mains with a molecular weight (MW) of 25 kDa. Three chains bind together forming the 

structural subunits which in turn together form oligomers (Jensenius H, Klein DC, et al 2009). 

Other recognition molecules of LP are Ficolins 1, 2 and 3, with structure and function compa-

rable to that of MBL (Endo Y, Matsushita M, et al. 2007). The structure is similar with the 

exception of the recognition domain of each polypeptide. In all three Ficolins the single poly-

peptide chain is around 35 kDa. (Garred P, Genster N, et al. 2016). Lastly, there has been re-

cent research showing involvement of Cl-K1 and CL-L1 as recognition molecules (Axelgaard 

E, Jensen L, et al. 2013). C1-K1 has an expected size of 26 kDa of each chain (Selman L, 

Hansen S. 2012). The common denominator of these PRMs is the recognition of various sugar 

patterns expressed by bacteria, virus, fungus and apoptotic cells. In complex with the PRMs 

are the associated enzymes, the MASPs. As the name suggests they are proteolytic enzymes, 

the active site containing the amino acid serine. MASP-1 and MASP-2, both necessary for a 

cascade reaction, are analogous to C1r and C1s of the C1 complex. MASP-1, being able to 

autoactivate, is responsible for the activation of MASP-2 as well as the cleavage of C2. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Jensenius%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19501100
https://www.ncbi.nlm.nih.gov/pubmed/?term=Klein%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=19501100
https://www-ncbi-nlm-nih-gov.ezproxy.its.uu.se/pubmed/?term=Garred%20P%5BAuthor%5D&cauthor=true&cauthor_uid=27782323
https://www-ncbi-nlm-nih-gov.ezproxy.its.uu.se/pubmed/?term=Genster%20N%5BAuthor%5D&cauthor=true&cauthor_uid=27782323
https://www.ncbi.nlm.nih.gov/pubmed/?term=Selman%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22475410
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hansen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22475410
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MASP-2 is the protease mainly responsible for the cleavage of C2 and C4. In addition MASP-

1, having an accessible active site, interacts with prothrombin, fibrinogen and factor XIII and 

TAFI of the coagulation system (Dobó J, Pál G, et al. 2016). MASP-3, though its function not 

fully understood, has been hypothesized to have a regulatory role but has also recently been 

suggested to activate factor D of AP (Dahl MR, Thiel S, et al. 2001) (Iwaki D, Kanno K, et 

al. 2011). The structures of MASPs are alike, consisting of a single polypeptide divided into a 

heavy chain and a light chain. When the enzymes activate, the chain splits and the resulting 

two peptides are instead bound together with disulphide bonds. As a zymogen, MASP-1 has a 

size of 76 kDa. In active form the heavy chain is 47 kDa and the light chain has the size of 28 

kDa. Originating from the same gene is MASP-3 that has a molecular weight (MW) of 78 

kDa in inactive form, while its heavy chain is 47 kDa and its light chain 31 kDa (Degn SE, 

Hansen AG, et al. 2009). As for the second MASP gene, coding for MASP-2, encodes a zy-

mogen of 75 kDa and when activated has a light chain of 27 kDa and a heavy chain of 47 kDa 

(Thiel S, Vorup-Jensen, T et al. 1997). 

    The powerful effects of a fully activated complement system, whilst unspecific, means the 

risk of harming tissues of the host. To regulate activity there are key proteins with inhibitory 

effects. C1-inhibitor (C1-INH) not only prevents activity in CP but inhibition also occurs in 

LP (Kozarcanin H, Lood C, et al. 2016). Activation can also be prevented by the non-active 

MAP-1 and feasibly MAP-2. The inhibitory effects of these proteins are due to the fact that 

they lack proteolytic activity and compete out the MASPs, from binding to the PRMs of LP.  

The truncated protein MAP-1, originating from the MASP1/3-gene, only consists of the heavy 

chain, having a MW of 44 kDa. (Degn SE, Hansen AG, et al. 2009). Truncated protein MAP-

2 consists only of a small part of this the MASP-2 gene, making its size 19 kDa (Stover CM, 

Thiel S, et al. 1999). Cell bound inhibitors, leaving healthy host cells undisturbed, also inhibit 

the complement system. Decay-accelerating factor (DAF) and CD59 are examples for this. 

DAF also known as CD55, functions by binding to C3b and C4b, that will suppress the for-

mation of C3 convertase. The inhibitory effects of CD59, called Protectin, occurs when bind-

ing to C5b-678 on cell surfaces, obstructing the binding of C9 and consequently the formation 

of TCC complexes.  

    Although regulated, complications can occur due to dysfunction of the complement cas-

cade. Not only when components are in excess but also when deficient, whether because of an 

increased consumption or genetic causes. Currently, the two main clinical indications for the 

measurement of complement factors are deficiencies and autoimmune disease, mostly associ-

ated with CP factors. For an increased understanding of the lectin pathway proteins pathology 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Dob%C3%B3%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27782318
https://www.ncbi.nlm.nih.gov/pubmed/?term=P%C3%A1l%20G%5BAuthor%5D&cauthor=true&cauthor_uid=27782318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dahl%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=11485744
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thiel%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11485744
https://www.ncbi.nlm.nih.gov/pubmed/?term=Degn%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=19917686
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hansen%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=19917686
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thiel%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9087411
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vorup-Jensen%20T%5BAuthor%5D&cauthor=true&cauthor_uid=9087411
https://www.ncbi.nlm.nih.gov/pubmed/?term=Degn%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=19917686
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hansen%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=19917686
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stover%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=10092804
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thiel%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10092804
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and etiology in disease comes the need for standardized assays for the measurement of com-

plement activation and component levels. 

    Several laboratory techniques exist for the detection of proteins, Western blot considered to 

be the gold standard. In assessing levels of complement factors there are various other tech-

niques such as radial immunodiffusion, nephelometry, turbidometry, enzyme-linked immuno-

sorbent assay (ELISA) and time resolved immunofluorometric assay (TRIFMA) (Mollnes TE, 

Jokiranta TS, et al. 2007). The most commonly tested components are the central C3 as well 

as C4. There are assays available for most of the various factors and complexes such as C1, 

C2 and TCC. Additionally, hemolytic assays can be applied when quantifying the functional-

ity of the pathways in the complement system. By adding antibody-coated sheep erythrocytes 

that activate the cascade system, the amount of lysed red blood cells will be in relation to 

amount of formed TCC-complex. This is a useful tool primarily to monitor disease activity 

and diagnosis of congenital deficiencies. However, no standardized assay is available specifi-

cally for the detection of the lectin pathway proteins.  

    Whether elevated or not, the lectin pathway proteins circulate in the blood at low levels, in 

the range of µg/ml or even ng/ml. Hence, measuring these components offers a challenge of 

finding an appropriate assay with good reproducibility and high sensitivity for the detection of 

these proteins. 

    The purpose of this project was to evaluate the instrument WES as a tool for analysis of 

five pattern recognition molecules and two of the enzymes of LP, namely MBL, Ficolins 1, 2 

and 3, Collectin 11 and MASP-1 and MASP-2. This automated technique combines capillary 

electrophoresis with immunoblotting for the analysis of proteins. It is stated to have a sensi-

tivity as low as picograms and requiring as little as 3 µl of starting material1. Following sam-

ple preparation, an automated analysis proceeds in the WES instrument. Capillaries are 

filled with stacking and separation matrix, through which as little as 40 nL of each sample is 

run. A size-based separation of proteins occurs. Thereafter, the separated proteins are immobi-

lized to the capillary walls via a proprietary, photoactivated capture chemistry. Target proteins 

are identified using a primary Ab. They are then immuno-probed using a HRP-conjugated 

secondary Ab. Finally, a chemiluminescent substrate is added. The resulting chemilumines-

cent signal is detected and can be quantitated with the WES-associated software Compass.  

 

                                                 
1 http://www.proteinsimple.com/wes.html 2017-02-22. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Mollnes%20TE%5BAuthor%5D&cauthor=true&cauthor_uid=17768101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jokiranta%20TS%5BAuthor%5D&cauthor=true&cauthor_uid=17768101
http://www.proteinsimple.com/wes.html%202017-02-22
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MATERIALS AND METHOD 

Samples 

Blood samples were collected in K2EDTA Vacutainer tubes from healthy blood donors at 

the Blood Centre at Uppsala University Hospital. Samples were aliquoted and freezed at  

-70°C.  

 

Ethics 

The laboratory has a general ethics approval 2008/264 for blood donation from healthy do-

nors. All donors have signed and given their consent before donating the blood. 

 

Chemicals and equipment 

Instrument-related supplies 

Automated assays were performed by the bench top instrument WES (004.600, ProteinSim-

ple). Separation modules with 13 or 25 capillaries (SM-W0002, SM-W0004, ProteinSimple) 

included microplates, capillaries, buffers, DTT, fluorescent master mix and ladder. Anti-

mouse (DM-002, ProteinSimple) and anti-rabbit (DM-001, ProteinSimple) detection kits con-

tained secondary antibody (Ab), luminol-S, peroxide, streptavidin-horseradish peroxidase 

(HRP) and antibody diluent. A detection kit containing only streptavidin-HRP (DM003, Pro-

teinSimple) was used for biotinylated primary Abs. 

 

Antibodies 

For identifying target proteins, primary Abs from several species were tested. Abs used from 

mouse were anti-MBL clone 3E7 (HM2061-IA Hycult Biotech), anti-Ficolin 1 clone 7G1 

(HM2196, Hycult Biotech), anti-Ficolin-2 clone GN5 (HM2091, Hycult Biotech), anti-

Ficolin-3 clone 4H5 (HM2089, Hycult Biotech) and anti-MASP-1 clone 1E2 (HM2092, Hy-

cult Biotech). Rabbit Abs available were anti-MBL (ab103251, Abcam), anti-Ficolin 2 

(HP9039, Hycult Biotech), anti-MASP-1 clone H-260 (SC-48749, Santa Cruz), anti-MASP-2 

(SC50420, Santa Cruz), anti-Collectin-11 (PA5-46802, ThermoFisher Scientific). Primary 

Abs conjugated with biotin used for analysis were mouse anti-MBL clone D8.18 (HM2082, 

Hycult Biotech), rat anti-MASP-2 clone 6G12, mouse anti-Masp-1 clone 1E2 and anti-

MASP-1 clone 8B3 (supplied by Peter Garred, Aaruhus University Hospital, Denmark). Sec-

ondary Abs utilized, excluding the detection kits, were rabbit polyclonal HRP conjugated 

anti-mouse Ab (P0260, Dako) and streptavidin-HRP (RPN1231V, Ge Healthcare). 
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Reagents for biotinylation  

Biotinylation of primary Ab was made by using protein desalting columns (89849, Ther-

moFisher Scientific) according to manufacturer’s instructions2. Solutions needed were PBS 

(0,01 M NaH2PO4, 0,145 M NaCl, pH 7,2), coupling buffer (0,1 M NaHCO3, 0,5 M NaCl, pH 

8,3) and biotin (B2643, Sigma-Aldrich, 0,8 mg/mL in dimethyl sulfoxide (DMSO) (D2650, 

SigmaAldrich)).   

 

Manual preparation 

Reagents and substrate were prepared according to product insert3. Samples were diluted and 

together with biotinylated ladder mixed 5:1 with the prepared 5x Fluorescent Master Mix, 

heated to 95°C for 5 min and placed on ice until analysis. All samples, ladder, buffers and an-

tibodies were pipetted to the plate as instructed in insert and plate was centrifuged at 1000 x g 

for 5 min. Plate and capillary cartridge was then placed in the instrument for analysis.  

 

Method optimization 

Antibodies 

The two secondary Ab kits available were tested together with other secondary Abs, derived 

from mouse and rabbit. Kit streptavidin-HRP was tested and compared to an independent 

streptavidin-HRP. Anti-Ficolin Abs unavailable in biotinylated form, were conjugated with 

biotin to be detected with streptavidin-HRP. 

 

Biotinylation 

While primary mouse anti-MBL and anti-MASPs had previously been conjugated with biotin, 

all three mouse anti-ficolins were biotinylated. Buffer exchange and biotinylation was per-

formed with protein desalting columns according to manufacturer’s instructions. Firstly, a 

buffer exchange to coupling buffer was required for the removal of Na-azide. Abs were then 

added 1:4 to 1:2 of coupling buffer and 1:4 biotin solution. After an incubation of 30 min a 

buffer exchange to PBS was performed with columns. Biotinylated Abs were aliquoted and 

freezed at -70°C. 

 

                                                 
2 Instructions Protein Desalting Spin Columns, Number 89849/89862, ThermoFisher Scientific 
3 WES 12-230 kDa 25 Capillary Cartridge Separation Module (SM-W003, SM-W004) 
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Sample concentration and assay settings 

For analysis plasma samples were initially diluted at 1:10 with sample buffer from kit but 

subsequently tested and compared at dilutions 1:2 1:5, 1:20 and 1:100. The automatic default 

settings of WES are loading of stacking matrix for 15 sec sample loading for 9 sec and a 25 

min separation. These conditions were changed in increasing sensitivity, to 20 sec stacking 

load, 12 sec sample load and 28 min separation. To keep signal in linear range, biotinylated 

ladder was diluted with an additional factor of 2. 

 

Statistics 

Due to the optimization being in its initial developmental stages no statistical analysis has 

been performed for verification. In optimizing the method for quantitative analysis, the linear-

ity of values can be determined by descriptive statistics, as variation coefficient and standard 

deviation. In clinical studies, comparing patient levels with healthy subjects, appropriate sta-

tistical tests would be Students t-test or Mann-Whitney U-test. 

 

RESULTS 

Evaluation of primary and secondary antibodies 

The focus of initial trials was testing primary antibodies detected by kit secondary Abs and kit 

streptavidin-HRP. Secondary anti-mouse and streptavidin-HRP from detection kits were also 

compared to similar products from other manufacturers. Plasma samples were diluted 1:10. 

The results could be viewed as virtual Western blot images and electropherogram, the latter 

determined to enable the best assessments. All displayed electropherograms are summarized 

to exemplify assay results. The outcome suggested unspecific binding of secondary Abs. Ca-

pillaries containing anti-mouse showed similar band patterns irrespective of added primary 

Ab (Figure 1).  
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Figure 1. Primary mouse Abs anti-Ficolin 1, 2 and 3, anti-MBL and anti-MASP-1 at dilutions 1:50, 1:80, 1:100 

and 1:200. The primary Abs were detected with anti-mouse detection kit RTU and anti-mouse (Dako) at di-

lutions 1:50 and 1:100. The results displayed in the electropherogram show capillaries tested at 1:50 de-

tected with kit anti-mouse. The similar band pattern is observed in all or most capillaries irrespective of pri-

mary Ab, believed to be due to unspecific binding. The exception is bands at 34 kDa seen in 4 capillaries 

containing anti-MBL.  

 

    Anti-rabbit also showed a high background which lead to the inability to interpret the re-

sults of all trials with secondary Abs (Figure 2, Image A). Conversely, in testing biotinylated 

Abs, the background noise was not as significant, showing some corresponding peaks (Figure 

2, Image B). Results for biotinylated primary anti-MASP-1 showed indicated detection of in-

active protein and light chain at 90 and 40 kDa respectively. The same results appeared for 

MASP-2 in addition to a peak at 25 kDa, suggesting detection of MAP-2. A high background 

noise due to the secondary Abs were confirmed in controls excluding primary Abs (Figure 2, 

Image C). An abscense of peaks was instead observed in control lanes for both streptavidin-

HRP.  
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Figure 2. Primary rabbit anti-Ficolin 2, anti-Collectin 11, anti-MBL and anti-MASPs were detected with kit 

anti-rabbit, shown for dilution 1:50 (Image A). Detecting protein specific peaks was not possible because of 

too many iterations. The results of biotinylated anti-MASPs and anti-MBL showed a higher peaks and lower 

background signals (Image B). The biotinylated Abs were detected with kit streptavidin-HRP and compared 

to independent streptavidin-HRP at dilutions 1:50 and 1:100. Specific peaks for MASP-1 were estimated at 

90, 66, 40 and 30 kDa, the same peaks seen for MASP-2 as well as a peak at 25 kDa. Bands at 90 and 40 

could correspond to inactivated proteins and light chains respectively. MASP-2 peaks at 25 kDa could be 

the detection of alternative splicing product MAP-2. The control lanes for secondary kit anti-mouse and 

anti-rabbit together with anti-mouse (Dako) confirmed unspecificity although at low levels (Image C). In 

contrast the kit streptavidin-HRP gave no signal in the absence of primary Ab.  

 

    The conclusion of initial tests was to exclude the usage of secondary Abs due to the high 

unspecificity leading to unreliable results. Thus, the following assays were to be performed 

with biotinylated Abs and kit streptavidin-HRP, which in comparison gave higher peaks.  

    In inquiring how the software processes the data, it was learned that the fluorescent master 

mix includes three fluorescent standards at 1, 29 and 230 kDa. The separation of these stand-

ards is registered in each capillary (Figure 3, Image A, B). The subsequent detection of chem-

iluminescent signal leads to an estimation of protein size (Figure 3, Image C). This means 

each capillary is to be seen as a separate assay where the standards decide the area for detec-

tion. Important is also that the Western blot images are virtual, not to be seen as traditional 

blotting images and results should be read from the electropherogram view.  
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Figure 3. The separation is recorded with the help of fluorescent standards included in all samples and lad-

der showing slight variations in separation length (Image A). The three standards at 1, 29 and 230 kDa, 

function as a built-in ladder in each sample, by determining the area for detection. This can be viewed in 

electropherograms as seen in an example from one of the first attempts, for ladder and biotinylated anti-

MASP-1 capillaries (Image B). The placement of standards is then used for estimating protein sizes by the 

detection of chemiluminescent peaks within the determined area by standards (Image C).  

 

Evaluation of biotinylated Abs 

Next attempts targeted mainly biotinylated primary Abs, self-biotinylated anti-Ficolins along 

with biotin conjugated anti-MASPs. As the previous assays showed weak peaks for biotinyl-

ated Abs, plasma samples were decided to be diluted 1:2 and primary Abs 1:20, 1:50 and 

1:100. 

    The analysis showed peaks at 35 and 60 kDa in all capillaries and despite a low plasma di-

lution the background signal was low (Figure 4, Image A). A significantly shorter separation 

length than previously was observed in all capillaries (Figure 4, Image B).  
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Figure 4. Plasma used for evaluation of biotinylated Abs was diluted 1:2. Primary anti-Ficolin 1, 2 and 3 

were tested at dilutions 1:20, 1:50 and 1:100 while anti-MASP-1 and anti-MASP-2 were tested at 1:20. In 

the assessment of standard placement, the separation was seen to be significantly shorter than in previous 

trials assuming to be due to the high protein content of plasma samples (Image A). This can especially be 

observed in the separational difference for assumed standard 1 between ladder in capillary 1 and other 

samples in capillaries 2-13, indicated by arrows. The results showed protein peaks at 35 and 60 kDa in all 

capillaries irrespective of added primary Ab, displayed at dilution 1:20, except for anti-Ficolin 1 at 1:50 (Im-

age B).  

 

    In assessing standard peaks, it was seen that the separation resulted in more than the three 

expected peaks, making the automated placement seemingly incorrect by software (Figure 5, 

Image A). These issues were assumed to be related to the increased plasma concentration. By 

standards setting the area of detection, therefore determining the size of detected proteins, it 

appeared crucial to evaluate the automated standard fit, which could be manually replaced 

when needed. The correct placement attempted to be determined by comparing separation 
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video and matching capillary images to the graph peaks (Figure 5, Image B). Because of 

many iterations, the standard peak positions were not reliable, thereby giving unreliable pro-

tein peaks. Standards from all previous tries were examined and replaced where needed.  

 

 
Figure 5. The increase in plasma concentration when evaluating biotinylated Abs lead to a shortening of 

separation in capillaries as well as an untypical appearance of standard peaks (Image A). The 1 kDa stand-

ard should give the highest peak value and be placed at a position around 200-250. Standard 29 should 

show a peak at position 400 and standard 230 at 650 in the electropherograms, as seen in earlier trials (Fig-

ure 3). Instead the peaks were not well defined leading to difficulties for a correct automatic placement 

which in turn shows an incorrect placement of chemiluminescent peaks (Image A). The standard peaks 

could be manually replaced to appropriate position (Image B). This gave chemiluminescent peaks a differ-

ent position showing significantly different estimated protein sizes as indicated by arrows, showing the 

placement and replacement of a peak. 
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    The poor separations of fluorescent standards lead to the conclusion that dilution of 1:2 was 

too high for a satisfactory separation. In the next attempts, various plasma concentrations 

were to be tried to compare results.   

 

Evaluation of sample concentration and increased sensitivity settings 

Evaluating the effect of sample concentration on separation, plasma along with serum was di-

luted and compared. Plasma was tried at dilutions 1:5, 1:10, 1:20 and 1:100. Primary Abs 

used were biotinylated anti-Ficolins and anti-MASPs, and consistently tried at dilution 1:20. 

The conditions of separation were altered for an increased sensitivity. The loading of stacking 

matrix was increased from 15 to 20 sec sample loading increased from 9 to 12 sec and a sepa-

ration time was added with 3 min to a total of 28 min.  

    The analysis showed plasma concentration affecting separation, especially between dilu-

tions 1:20 to 1:5 and 1:10. It was specifically observed for protein peaks at 40 kDa and lower. 

In addition, the resulting patterns were aligned between same sample dilutions independent of 

primary Ab (Figure 6, Image A, B). The dilution of plasma 1:100 gave weak or no peaks (Fig-

ure 6, Image D). In almost all capillaries a band was seen at 57 kDa while in some bands were 

shown at 35 and 80 kDa, although signals were low. The appearances of peaks independent of 

added primary Ab suggest instrumental issues or more likely unspecific binding of Ab. The 

poor reproducibility, the many iterations and possibly the unspecificity of primary Abs lead to 

the conditions of the experiment to be revised before further trials.  
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Figure 6. The third evaluation consisted of testing plasma dilution at 1:5, 1:10, 1:20 and 1:100. In attempts 
including plasma 1:5, 1:10 and 1:20 sensitivity settings were also tested by increasing capillary uptake of 
stacking matrix and plasma with 5 and 3 sec respectively and adding 3 min to separation time. The results 
of assays suggest plasma concentration affecting protein migration with protein peaks differing at lower 
sizes (Image A, B, C). Dilutions 1:5, 1:10 and 1:20 all showed peaks at 60-70 kDa. Peaks at 35 and 20 kDa 
were seen for dilution 1:5, while for 1:20 peaks were observed at 45 kDa. The three peaks at 28, 31 and 38 
kDa at dilution 1:10 is a probable outcome of the increased sensitivity setting, causing peaks splitting (Im-
age C). Sample dilution 1:100 resulted in peaks at 57 kDa and in some capillaries at 35 or 80 kDa (Image D).  

 

DISCUSSION  

The complement system is integral part of the immune system, by its ability for opsonisation, 

recruitment of immune cells and direct killing of pathogens. One of three pathways of the sys-

tem is LP, which initializes complement activation by recognizing various carbohydrate struc-

tures on pathogens such as bacteria, virus and fungi along with apoptotic cells. Five PRMs, 

MBL, Ficolins 1, 2, 3 and CL-K1 form complexes with MASP-1 and 2, making it a complex 

system by involving several components coupled with the low concentration of the proteins. 

The aim of this project was to evaluate and standardize WES, an instrument introducing an 

analysis method combining capillary electrophoresis and immunoblotting for the detection of 

the LP proteins.  

    There are mainly three aspects to consider in the analysis of these components. Firstly, all 

involved proteins circulate in the blood at low levels that requires a sensitive assay with a 

good reproducibility. The reported mean concentrations vary, presumably due to significant 
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intraindividual variations thus it should be considered as an approximation. The PRM found 

most abundantly is Ficolin 3 with a mean of around 20 µg/ml, while Ficolin 1 and 2 have a 

concentration of 0,5 and 5 µg/ml respectively. MBL levels has a mean of 0,8 µg/ml while CL-

K1 is found at around 2 µg/ml. As for the enzymes, the mean value for MASP-1 is 11 µg/ml 

and for MASP-2 is 0,4 µg/ml (Kjaer TR, Thiel S, et al. 2013). Secondly, in detecting the asso-

ciated enzymes it is important to keep in mind the risk of cross reactivity of Abs. The MASP-

1/3 gene gives rise to not only MASP-1 but also MASP-3 and MAP-1 while MASP-2 and 

MAP-2 are products of the MASP-2 gene. In addition, the Ficolins have a high degree of ho-

mology, almost up to 80% (Thiel S, 2007). Thirdly, the structure and function of the proteins 

are still not well defined. The expected sizes of the peptide chains vary between different 

sources, many times only referring to the amino acid sequence. It is also not established if and 

to what degree the PRMs and enzymes circulate in complexes. 

    Although the LP proteins properties and disease association still is in many ways unclear 

there is growing evidence of its role in several disorders. It has been established that 3MC 

syndrome is caused by mutations in genes encoding for Collectin-11 or MASP-1 leading to 

dysfunctional proteins. The components have been seen to have a fundamental part in cell mi-

gration during the embryonic stage of development. It is an autosomal recessive disorder 

characterized by facial abnormalities, learning disabilities and anomalies in kidneys, bladder 

or genitals (Rooryck C, Diaz-Font A, et al. 2011). Ficolin 3, also named Hakata antigen, was 

discovered as an autoantigen in systemic lupus erymatosus (SLE). It is an autoimmune in-

flammatory systemic disease that can affect all organs and cause destruction of tissue. Ele-

vated levels of Ficolin 3 while lower levels of Ficolin 1 and MBL have been seen to associate 

to complications and disease activity in SLE patients (Hein E, Nielsen LA, et al. 2015) (Øh-

lenschlaeger T, Garred P, et al. 2004). Other conditions suggested to involve LP are increased 

susceptibility of infections in children, rheumatoid arthritis and leprosy (Csuka D, Munthe-

Fog L, et al. 2013) (Garred P, Genster N, et al. 2016). Moreover, recent knowledge of the role 

of associated serine proteases in the coagulation system also proposes a relation to such com-

plications as coagulation activation leading to thrombosis where activation of LP, which was 

quantified by measuring MASP-inhibitor complexes, was seen in SLE patients with vascular 

disease but also in multiple trauma patients suffering from severe thrombotic events (Kozar-

canin H, Lood C, et al. 2016). Also, an interaction with coagulation factors causing ischemia-

reperfusion injury has been observed (Dobó J, Pál G, et al. 2016). The increasing indications 

of LPs part in different conditions raises the need of standardized assays for the detection and 

quantification of the proteins.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kjaer%20TR%5BAuthor%5D&cauthor=true&cauthor_uid=23810291
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thiel%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23810291
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rooryck%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21258343
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diaz-Font%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21258343
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hein%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25069872
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nielsen%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=25069872
https://www.ncbi.nlm.nih.gov/pubmed/?term=%C3%98hlenschlaeger%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15254284
https://www.ncbi.nlm.nih.gov/pubmed/?term=%C3%98hlenschlaeger%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15254284
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garred%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15254284
https://www.ncbi.nlm.nih.gov/pubmed/?term=Csuka%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23318225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Munthe-Fog%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23318225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Munthe-Fog%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23318225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dob%C3%B3%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27782318
https://www.ncbi.nlm.nih.gov/pubmed/?term=P%C3%A1l%20G%5BAuthor%5D&cauthor=true&cauthor_uid=27782318
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    In the evaluation, the most demanding part turned out to be the interpretation of results. 

The instrument, optimized for cell- and tissue lysates, offers challenges in analysing plasma 

samples. Plasma has high protein content, for example the immunoglobulins, a matter that 

raises the consideration about the separation of the proteins along with possible cross reactiv-

ity of Abs. Some of these problems were encountered in this project. In the evaluation of pri-

mary and secondary Abs it was seen that primarily the secondary Abs had unspecific peaks 

and high background signal, an indication of unspecific binding. It was confirmed that the 

polyclonal Abs in detection kits has a high affinity to human immunoglobulins (IgG), expect-

ing to show peaks at around 35 and 60-70 kDa for the light and heavy chain respectively. The 

biotinylated primary Abs detected with streptavidin-HRP had a lower background, though 

throughout the assays peaks were registered at around 35-40 and 60-70 kDa. Since all primary 

Abs are derived from mouse, except the biotinylated MASP-2 from rat, this suggests that 

there also might be an affinity to both the light and the heavy chain of human Ig, which might 

be overshadowing the detected peaks of proteins of interest. The overshadowing unspecific 

peaks could be also due to the low plasma dilution giving high background noise, solvable by 

increased dilution. The evaluation being in its initial stages has mainly ascertained the 

knowledge of the workings of the instrument and its software. The project has highlighted a 

few of the obstacles to address in future attempts, mainly two aspects are to be considered:  

1. The unspecificity of primary Abs should be further evaluated and determined and to con-

sider other clones to be tested. The plasma dilution should be optimized further keeping in 

mind the low concentrations of proteins. According to the manufacturer, the instrument is op-

timized for cell- and tissue lysate at concentrations ranging 0,2-2 mg/mL. Protein concentra-

tion in plasma has a median protein level of around 70 mg/mL. Lectin components are found 

in low amounts but the high plasma proteins levels seemingly are disturbing the analysis. 

    There are several factors to be tested in further trials. The optimal situation would be to test 

and use recombinant or purified proteins to determine sizes before continuing trials with 

plasma samples. Unfortunately, such proteins are currently not commercially available. An-

other option would be the addition of one or more molecules of known sizes as an assay con-

trol. As for the use of plasma, further dilutions should be tested to find a concentration satis-

factory for this method, preferably testing dilution in the range of 1:30-1:60. To counteract the 

lower protein content the dilution of primary Abs can be adjusted. Mainly the dilution of 1:20 

has been used but it remains to be assessed if this concentration is high enough. It is important 

for the local concentration of Abs in capillaries to be high enough to reach full saturation as 

they only bind to proteins locally in capillaries. This will be especially essential when opti-

mizing the assay for the quantification of proteins. The calculations are based on signal peak 
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area from which estimated background signal is subtracted by the software. The chemilumi-

nescent signal should be expected to be linear at different amounts of protein. In this it is im-

portant to determine that signal variations are not because of unsaturated primary Abs. There-

fore, concentrations at 1:10 or even 1:5 should be evaluated. Other considerations are sur-

rounding the sample preparation. The 0,1 x sample buffer used to dilute the samples contains 

SDS, negatively charging the denatured proteins. This may not have been added in a suffi-

cient amount, suggesting a dilution of plasma with 1 x sample buffer or an alternative SDS 

solution instead. Also, excluding DTT that cleaves disulphide bonds, cleavage of immuno-

globulins could be prevented. This would give an intact immunoglobulin at around 150-180 

kDa rather than the smaller chains believed to be showing at 35 and 60 kDa. This would 

prove the unspecific binding of Abs which then can be excluded from the calculation. Also, a 

150 kDa peak would not be overshadowing the other specifically peaks. Another recommen-

dation would be using the separation module designed to detect proteins in the 2-40 kDa 

range. Peptides from all proteins should be possible to detect in this range that also excludes 

any detection of human immunoglobulin heavy chain. Another option would be not heat de-

naturing the samples, thereby possibly keeping the trimeric form of PRMs intact giving them 

higher molecular weights. There is also the choice of testing other Abs, either recognizing 

other epitopes or from different species to see if the binding pattern differs.  

    In summary, this project has elucidated the possibility to measure and quantify the LP pro-

teins using the novel method of combining capillary electrophoresis and immunoblotting. It 

also addresses and highlights the challenges of the assay. This project has revealed the un-

specificity of Abs that produced unreliable results in determining the molecular sizes of the 

lectin pathway proteins. Nonetheless these findings have contributed to conclusions for future 

attempts in achieving the appropriate conditions. 
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