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ABSTRACT 

 

IL12R- β2 is a Type I cytokine receptor and contains the WXXW (WSNWS) sequence that often 

predicates the post-translational addition of mannose to a tryptophan residue via a carbon-carbon 

bond. This study will stimulate expression of IL12R- β2 in RAW 264.7 Macrophage-Like Cells 

by shutting down the extracellular signal kinase (ERK) pathway and introducing inflammatory 

agents lipopolysaccharide and CpG DNA in order to collect a concentrated sample of IL12R- β2. 

These samples will be analyzed for the presence of C-mannosyltryptophan residues. 
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CHAPTER 1 

SIGNIFICANCE 

 

The study of Hsc70 conjugates is hopeful to provide insights into the number, identity, 

and structure of C-glycosylated proteins. Identifying these proteins is key to learning the function 

of the modification as well as the mechanism by which it is placed. 

Some evidence does suggest that C-glycosylated proteins could affect the signaling 

pathways of the innate immune system’s LPS response in conjunction with Hsc70. The LPS 

response cascade is responsible for sepsis, and therapeutic interventions aimed at modulating that 

pathway are desirable. Understanding the role that Hsc70 and/or C-glycosylated proteins play in 

this signaling cascade could lead to future work aimed at creating treatments for diseases such as 

sepsis.  
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CHAPTER 2 

BACKGROUND 

 

Glycosylation 

Glycosylation consists of the addition of a carbohydrate molecule to a protein during or 

after the process of translation has been completed. This post-translational modification serves 

to protect or enhance the function of a protein. 

Glycosylation is an enzymatic process and can occur at various residues within a peptide 

or protein. Two of the better understood forms of glycosylation are referred to as N-linked and 

O-linked glycosylation (Figure 1).1 Carbohydrates are attached to proteins through a carbon-

nitrogen or carbon-oxygen bond respectively. 

 N-linked glycosylation occurs in the lumen of the endoplasmic reticulum (ER). A family 

of enzymes called oligosaccharyltransferases (OSTs) is responsible for carrying out the 

process. The process transfers an oligosaccharide from dolichyl pyrophosphate (Dol-PP) to an 

asparagine residue within the NXS/T sequence where “N” is asparagine, “X” is any amino acid 

except proline, “S” is serine, and “T” is threonine.2 

 There are many types of O-linked glycosylation, and a comprehensive discussion of these 

is beyond the scope of this project.3 These forms of glycosylation depend on a family of 

transferases called the UDP-GalNAc:polypeptideN-acetylgalactosaminyltransferase 

(ppGaNTase) family.4 The most well-defined type of O-linked glycosylation is the mucin-type 

glycosylation.5  This enzyme transfers GalNAc from the substrate UDP-N-acetylgalactosamine 

to the hydroxyl group of a serine or threonine residue. Though some forms of O-linked 

glycosylation are sequence dependent, no consensus has been found for the mucin type 
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modification. The N-linked and C-linked modifications, however, are sequence dependent, and 

this difference could be one reason that mucin-type glycosylation is more prominently 

expressed.5 

 

 

C-Mannosyltryptophan 

 More recent research found that there is at least one other type of glycosylation – C-

linked. In this modification, a carbon-carbon bond is formed linking a single mannopyranosyl 

molecule to a tryptophan (W) residue.6 The function of this modification is yet unknown, but 

there is evidence to suggest that it may assist in moving proteins to or through the cellular 

membrane.7 It is also suggested that this modification plays a role in regulating the innate 

immune response.8 

 C-linked glycosylation is an enzymatic process dependent on the C-mannosyltransferase 

DPY-19. In humans, there are four DPY-19 homologues, and they share homology to the 

Figure 1. Diagram of N-linked and O-linked Glycosylation Sites. Above is a 

representation of common types of N-linked and O-linked protein glycosylation. The sites 

marked “S/T” denote a serine or threonine residue bound to a carbohydrate complex with an 

oxygen linkage. Sites marked “N” represent a residue with an amine group that is bound to a 

carbohydrate complex via a nitrogen bond. 1 
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oligosaccharyltransferase (OST) family that is participates in N-linked glycosylation.9 The 

reaction of N-linked mannosyltransferases utilizes the same substrate as DPY-19 – dolichyl 

phosphate mannose (Dol-P-Man).10 The process transfers a mannose group from guanosine 

diphosphate mannose (GDP-Man) to dolichyl phosphate – making dolichyl phosphate mannose 

(Dol-P-Man) – and then the mannose is transferred from Dol-P-Man to the second carbon of 

the tryptophan residue’s indole ring (Figure 2).11,12 Since the C-linked glycosylation is Dol-P-

Man dependent, it is believed to occur in the lumen of the endoplasmic reticulum (ER).13 

In 1994, the first observation of a glycosylated tryptophan was recorded in human 

RNase2.14 A year later, the attached sugar was identified as a mannopyranosyl residue.6 C-

linked glycosylation occurs at the first tryptophan in a WXXW/C motif where W is a 

tryptophan residue, C is a cysteine residue, and X is any amino acid.15 

 

 

 

 

Figure 2. Diagram of C-linked Glycosylation. The figure above summarizes the synthesis 

of C-mannosyltryptophan residues. In this case, it is assumed that the residue exists within 

the WXXW motif. The figure also illustrates the location of the carbon-carbon bond after 

formation.12 
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Stimulation of the Innate Immune Response 

The innate immune system is the first line of defense against microbial infections. This 

system recognizes many molecules present on a variety of microbes. These molecular patterns 

allow the innate immune system to react quickly when an infectious agent enters the body.16 

One molecule that sets off an innate immune reaction is lipopolysaccharide (LPS). LPS 

is a large molecule composed of a lipid covalently bonded to a carbohydrate polymer. It is 

prevalent on the surface of gram-negative bacteria, and thus can be recognized readily by the 

innate immune system.17 

In the following experiments, two different antigens have been used to stimulate an 

innate immune response –LPS and CpG DNA. LPS and CpG DNA will each be added into the 

media of cultured RAW 264.7 murine macrophage-like cells to stimulate an immune response. 

This procedure will allow for the collection and analysis of proteins involved in the innate 

immune response of RAW 264.7 cells. 

LPS and CpG DNA 

 CpG DNA is defined as a short region of unmethylated, synthetic DNA that is engineered 

to mimic microbial DNA. The strand includes cytosine (C) and guanine (G) residues linked by 

phosphodiester (p) bonds. These CpG sequences – referred to as CpG islands – are not 

transcribed. This sequence is less common in vertebrate genomes, and it is usually in a 

methylated form when it is present in vertebrates. Therefore, vertebrate immune systems can 

identify microbial DNA by the CpG patterns present.18 

Microbial DNA has been shown to produce an immune response in vertebrates that is 

entirely dependent on the CpG domains.19 Studies have reported that CpG DNA is an effective 
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adjuvant in some vaccines and suggest that it could hold therapeutic potential for cancer and 

allergic diseases.20 It was discovered that toll-like receptor 9 (TLR9) is the receptor molecule 

for CpG DNA.21 When activated, TLR9 signals to an innate immune response that releases 

cytokines and other proinflammatory molecules through the MyD88 pathway.22 

Toll-Like Receptor 4 and LPS 

The toll-like receptor 4 (TLR4) pathway is a part of the innate immune response. This 

pathway is activated by the LPS molecule on the surface of gram-negative bacteria and is 

thought to be a major contributor to sepsis.23 The pathway is activated when LPS is broken into 

monomers by the cluster of differentiation protein-14 (CD14). These monomers are delivered 

by CD14 to TLR4. TLR4 stimulation sets off a cascade that releases proinflammatory 

cytokines such as interleukin-6 (IL-6), and tumor necrosis factor alpha (TNF-α).24 Though 

TLR4 is in the same family of proteins as TLR9, it should be noted that TLR4 is not activated 

by CpG DNA and TLR9 is not activated by LPS. 

Heat Shock Cognate 70 (Hsc70) 

Hsc70 is a chaperone protein. It is responsible for identifying misfolded or denatured 

proteins within the cell. Once the target protein is identified, Hsc70 either helps the protein to 

fold correctly, or moves it to the lysosome for degradation. 

Hsc70 has also been shown to play a role in the innate immune response via the TLR4 

pathway. The TLR4 pathway has been shown to be activated by extracellular Hsc70, with the 

binding domain of Hsc70 being critical to the stimulation of this pathway. Once stimulation 

occurs, cytokines are released resulting in an innate immune cascade. LPS can be used as an 

antigen to produce this response.25 
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 In 2007, Muroi et al. showed that peptides derived from the thrombospondin type 1 

repeat (TSR) family with a mannosylated tryptophan in the WXXW region (peptides used in 

that study contained WSPW) enhanced LPS signaling in RAW 264.7 murine macrophage-like 

cells. The signaling increase was measured as an increase in TNF-α in cells treated with LPS 

plus C-man-WSPW verses cells treated with either LPS or LPS plus WSPW.8  

Hsc70 has been shown to have an affinity to peptides with C-linked modification. Hsc70 

has a higher affinity in solution for TSR derived peptides with a C-man-WSPW domain than 

peptides with an unmodified WSPW domain. Furthermore, RAW 264.7 cells treated with 

Hsc70 and C-mannosylated peptides showed higher TNF-α production than cells treated with 

either Hsc70 and unmodified peptides or Hsc70 alone.26 
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CHAPTER 3 

PRELIMINARY DATA 

 

Identification of C-linked Conjugates in Hsc70 Immunoprecipitations  

Prior to these experiments, the Rakus Lab performed an immunoprecipitation of Hsc70. 

RAW 264.7 cells were grown as described above. Cells were exposed to 1 μg/mL LPS and 

collected at specific timepoints – 0, 1, 2, 6, and 24 hours. Control samples (without LPS 

exposure) were also collected for each timepoint. The cells were then lysed with 1% Triton X-

1000 in Tris buffered saline (TBS), and the lysates were purified by precipitating proteins with 

acetone (80% of total volume) at -20° C for 2 hours. The pellets were resuspended in phosphate 

buffered saline (PBS). 

Hsc70 antibody 1B5 (Abcam, Inc.) was bound to a magnetic Dynabead column and used 

to bind Hsc70 in the RAW 264.7 lysate samples. The co-precipitates of this experiment were 

assumed to interact with Hsc70 and were considered potential candidates for C-

mannosyltryptophan residues. 

Conjugate proteins from the Hsc70 immunoprecipitation were separated by size using 

SDS PAGE electrophoresis. Once separated, the gel was silver stained, and the bands were 

excised (Figure 3).  
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Each band was digested with trypsin and chymotrypsin, and the peptides were sequenced 

using High Energy Collision Induced Dissociation (HECID) mass spectrometry at the 

University of Georgia to identify individual proteins and probe for modifications. While the 

Hsc70 conjugates provided several possible candidates for C-mannosyltryptophan residues, the 

sample quality was not adequate to fully verify or discount the existence of the C-linked 

modification on any novel proteins. In order to verify such a modification, the peptide(s) would 

have to break in such a way to produce an ion with a mass of +348 Da indicating a single 

tryptophan residue with an attached mannose.  

Figure 3. SDS PAGE Gel of Hsc70 Immunoprecipitation. SDS-PAGE gel treated with 

silver stain to reveal conjugates of Hsc70 that were co-precipitated during the pull down. 

These bands were excised to be analyzed by mass spectrometry. 
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The mass spectrometry data identified one conjugate as interleukin-12 receptor β2 

(IL12R- β2). IL12R- β2 is a Type I cytokine receptor and contains the WXXW (WSNWS) 

sequence that often predicates a C-linked modification from residues 320-324 (Figure 4). 

However, the mass spectrum showed a mass shift of 477 Da between the b2 and b4 ion in a 

peptide that does not contain the WXXW motif (Ile-470 through Lys-483). This difference 

suggests that the differing residues between these two ions were glutamate (129 Da) and C-

mannosyltryptophan (348 Da). Thus, it is believed that a C-mannosyltryptophan residue exists 

outside of the consensus sequence, on Trp-473 (Figure 5).  

 

  

 

 

Figure 4. Sequence of IL12R-β2. Pictured above is the amino acid sequence of IL12R-β2. 

Note that the WSNWS sequence is found from amino acids 320-324, but the region 

highlighted in green is the peptide believed to contain a C-mannosyltryptophan residue. 
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These results provide the basis for a project aimed at enriching the IL12R-β2 sample to 

obtain sufficient immunoblotting and mass spectrometry data to evaluate the presence or 

absence of C-linked modifications. The goal of the project will be to isolate the IL12R-β2 

protein and obtain a mass spectrum that includes all b-ions in the range of b1-b4. The b3 ion 

can then be analyzed independently and compared to the expected mass of C-

mannosyltryptophan – 348 Da. 

 

  

Figure 5. Mass Spectrum of IL12R-β2 Peptide. Mass spectrum taken by the Rakus Lab 

believed to be a peptide sequence (top right corner) from IL12R-β2 after digestion with 

trypsin and chymotrypsin. This peptide sequence shows a mass shift of 162 for the b4 ion, 

suggesting a C-mannosyltryptophan residue. 
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CHAPTER 4 

BIOCHEMICAL TECHNIQUES 

Immunoprecipitation 

 Immunoprecipitation uses a specific antibody-antigen interaction to isolate one protein 

from a mixture of proteins such as a cell lysate sample. Because of the specificity of an 

antibody for a single antigen, this technique can be done to isolate very small amounts of 

protein.  

 An immunoprecipitation protocol generally consists of utilizing a solid support to 

immobilize the antibody-antigen complex. In the case of a column, the antibody is attached to 

the column and the lysate is passed through several times. Any antigen present will, 

theoretically, bind to the antibody on the column and allow the rest of the lysate to pass 

through. The column can then be eluted with high salt, low pH glycine, or an SDS elution 

buffer. 

 When using beads, the antibody will be bound to the beads. After incubating the beads 

with the sample for an appropriate amount of time, they can be spun down (or for magnetic 

beads, placed on a magnetic stand). The supernatant can be removed from the beads, and any 

antigen in the sample should remain bound to the antibody on the surface of the beads. It can 

then be eluted as with a column (Figure 6).27 
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 One notable modification that was used in this experiment is the crosslinking of the 

IL12R-β2 antibody to magnetic beads. Typically, the primary antibody (anti-IL12R – β2) 

would associate with the column (in this case protein A conjugated beads) via an ionic 

interaction. However, in this experiment disuccinimidyl suberate (DSS) crosslinking agent was 

used to form a covalent bond between the two. 

The DSS crosslinking ensures that the primary antibody present in the 

immunoprecipitation does not elute out with the target protein. Thus, DSS crosslinking leads to 

less contamination in the immunoprecipitated sample, the final SDS gel, and/or Western blot. 

Minimal contamination is particularly important for Western blotting, as residual primary 

antibody could later bind to detection antibodies and lead to misinterpretations in the data. 

  

Figure 6: Diagram of Immunoprecipitation. This figure shows the general concept of 

immunoprecipation protocols. 27 
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SDS-PAGE 

 Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) is a technique 

that is used to separate proteins by molecular weight. It works by coating the proteins with SDS 

to create a uniform charge. Once a uniform charge is achieved, the proteins migrate through a 

polyacrylamide gel by creating a voltage differential from the top of the gel to the bottom (this 

technique is known as electrophoresis). While traveling through the gel, proteins collide with 

the polyacrylamide polymers. Larger proteins have more collisions, and those move through 

the gel more slowly than smaller proteins. As a result, the proteins in a sample are separated 

and form “bands” at different molecular weights (Figure 7).28  

 The proteins in an SDS-PAGE gel are often invisible to the naked eye. Because of this, 

they are stained with either Coomassie Blue or silver chloride. Coomassie Blue is typically 

faster, however it is less sensitive than silver staining. Once the bands are visible, they can be 

excised with a razor or scalpel and analyzed by mass spectrometry. 

 

  

Figure 7: Diagram of SDS-PAGE. This illustration shows the general concept of an SDS-

PAGE procedure.28 
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Western Blots 

 Before a Western blot procedure can be done, an SDS-PAGE gel must be made. The 

proteins in that gel can then be transferred onto a “blot” (a piece of nitrocellulose paper). As in 

SDS-PAGE, electrophoresis is used to push the proteins out of the gel (horizontally) and imbed 

them into the nitrocellulose paper. 

 Once the proteins are imbedded into the nitrocellulose paper, the Western blot utilizes 

antibody-antigen interactions in much the same way as an immunoprecipitation. First, the blot 

is blocked with blocking buffer (5% milk in TBS-T [Tris-Buffered Saline 0.1% Tween-20], 

w/v). Blocking prevents non-specific binding of the antibody to the nitrocellulose paper. Then, 

the blot is incubated overnight at 4°C with either blocking buffer or TBS-T containing a 

primary antibody specific for the protein of interest. 

 After incubation with the primary antibody, the blot is thoroughly washed to eliminate 

any nonspecific binding of the antibody. The blot is then incubated with a secondary antibody 

that has a high specificity for the primary antibody. The secondary antibody is conjugated with 

horse radish peroxidase (HRP) so that chemiluminescence can be observed upon the addition of 

a 1:1 luminol and peroxide solution (Figure 8).29 
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Mass Spectrometry 

 Mass spectrometry is a method of analyzing a chemical compound’s mass to charge ratio. 

The basic design consists of an ionization source that forces a charge onto a molecule (often +1 

for the simplicity of analysis), a mass analyzer that subjects the ions to a magnetic field, and a 

detector that amplifies the signal of ions hitting it. Though the applications of mass 

spectrometry are broad, this paper will focus only on the analysis of proteins and peptides. 

Because proteins are typically very large molecules, they must first be broken into 

peptides by digesting the proteins with a protease. Typically, trypsin and/or chymotrypsin are 

used for protein digestion in mass spectrometry. After digestion, peptides are purified using 

Ziptip. 

Because modifying a protein produces a shift from the anticipated mass, post-

translational modifications have been identified deliberately and accidentally through mass 

Figure 8: Diagram of Western Blot. This illustration shows the concept behind Western blot 

procedures.29 
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spectrometry. The indication of a post-translational modification is a mass shift between the 

expected mass of a peptide or residue and the observed mass.  

MS/MS techniques are utilized to fragment peptides to look for post-translational 

modifications. In the case of looking for a hexose linked to a tryptophan residue, you would 

expect to see the weight of each peptide containing the tryptophan of interest increased by 162 

Daltons (Da). 

MALDI 

Matrix Assisted Laser Desorption Ionization is a technique used to transfer a charge to 

peptides. The peptides are immobilized on matrix. A laser is used to impart energy into the 

matrix at a given spot. The matrix transfers a proton to the peptide/s present, and the energy 

imparted moves the peptide into the gas phase. The advantage of MALDI is that it typically 

provides the molecule with a charge of +1, simplifying identification of peptides. 

Ion Trap 

Once a peptide of interest is identified, a second protocol known as MS/MS can be done. 

This technique requires a type of mass analyzer called a trap. In this procedure, ionized peptides 

are trapped in the mass analyzer and collided with an inert gas (helium or argon). The collisions 

fragment the peptides, creating a pattern of ions that can be analyzed to identify the peptide 

sequence. An ion trap has the advantage of being able to scan a single mass range, looking for 

the fragments of specific peptides.  
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CHAPTER 5 

METHODS 

Selecting Target Proteins 

The goal of this project was to identify conjugates of the Hsc70 protein and investigate 

them for the presence of C-linked glycosylation. Target proteins were identified by analyzing the 

proteins found in an Hsc70 immunoprecipitation. The premise of this technique is that any 

protein that was pulled down along with Hsc70 must be interacting with, that is bound to, Hsc70. 

Considering Hsc70’s affinity for C-linked proteins, the likelihood of one or more of these 

conjugates containing the modification would be greater than analyzing proteins from a whole 

cell lysate.26 

Cell Cultures 

 For these experiments, RAW 264.7 murine macrophage-like cells were fed in Dulbecco’s 

Modified Eagle’s Medium (DMEM) plus 10% fetal bovine serum (FBS) and penicillin (10 units) 

and streptomycin (0.10 mg/mL) from Sigma Aldrich. The cells were grown in culture flasks at 

37° C in 5% CO2 conditions. 

Cell Stimulation 

 Cells were either unstimulated, stimulated with LPS alone, pretreated with U0126 and 

then stimulated with LPS, or stimulated with CpG DNA alone. These conditions are specified 

where appropriate. 
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Immunoprecipitations 

Immunoprecipitation of Hsc70 

RAW 264.7 macrophage-like cells were retrieved from the freezer. Samples came from 

cultures either stimulated with LPS or not stimulated with LPS at various points after the 

stimulation (0 hour, 1 hour +/- LPS, 2 hours +/- LPS, 6 hours +/- LPS, 24 hours +/- LPS). 

There were nine conditions total. 

 Two protease inhibitor cocktails were added to each cell sample. Each sample also 

received 3 mL of lysis buffer. To avoid cell aggregation, the samples were each split evenly 

into three 1.5 mL Eppendorf tubes. The samples were then chilled on ice for 30 minutes with 

vortexing every 10 minutes. 

 The samples were spun down at 12,000 rpm for 10 minutes. The supernatant was 

collected in clean 1.5 mL Eppendorf tubes. Each tube received 300 µL of one condition for a 

total of 9 tubes per condition (1.5 mL tubes were used in place of 15 mL tubes so that they 

could be spun down faster in following steps).  

 Each sample received 900 µL of cold acetone, making an 80% acetone solution. An 

acetone precipitation was done by putting these solutions into the freezer (-20° C) for two 

hours. After two hours, the samples were spun at 15,000 rpm for 10 minutes. 

 The supernatant of each sample was discarded. The pellets were dried in the Frost Lab 

using a speed vac. Pellets were then combined into one tube for each condition to be 

resuspended. Pellets were first subjected to pipetting up and down with plastic pipette tips. 

When basic pipetting failed to promote resuspension, the pellets were pipetted up and down 

with a 16-gauge serological needle followed by a 22-gauge serological needle. 
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 After passing through the needles several times, the samples were sonicated to further 

resuspend. When the samples appeared to be resuspended, the solution was pipetted up and 

down with a p1000 pipet to ensure that no small pellets remained. 

 Magnetic Dynabeads were vortexed and 50 µl pulled out and placed in a 1.5 mL 

Eppendorf tube to create a bead column. Nine columns were created (one for each sample). The 

beads were put on a magnetic stand for one minute, and the supernatant was discarded. The 

beads were washed twice with PBS-T (0.02% Tween-20). 

 Each bead column received 200 µL of primary antibody prepared as a 1:200 dilution of 

anti-Hsc70 1B5 (TF MAI-36078) and PBS-T (0.02% Tween-20). The beads and antibody 

solutions were rotated at room temperature for 30 minutes before being placed on a magnetic 

stand. After one minute, the supernatant was discarded. Each bead column was washed twice 

with PBS-T for 5 minutes at room temperature. 

 The beads were covalently linked to the antibody with the use of a DSS Crosslink 

protocol (Pages 17-18). 

 Each bead column received 1 mL of lysate from a different sample and was labeled 

according to the sample introduced. The columns were rocked for two hours at room 

temperature. After two hours, the columns were placed on a magnetic stand for one minute, and 

the supernatant was discarded. The columns were washed three times with PBS-T. 

 The columns were eluted twice at 70° C with amine-based elution buffer. The elutions 

were combined and stored at -20° C. 
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IL12R-β2 

The initial mass spectrometry data collected in the Haltiwanger lab implied the presence 

of a C-linked modification. However, the data was inconclusive. In order to enrich the 

concentration of IL12R- β2 and reduce noise, an immunoprecipitation was implemented. By 

binding IL12R-β2 to a stationary column, the rest of the lysate can be washed away. When 

IL12R-β2 is eluted from the column after the precipitation, it is more concentrated and fewer 

contaminating proteins are present. The more concentrated sample allows for a more accurate 

analysis of IL12R-β2. 

A rabbit anti-mouse IL12R- β2 (Bioss Antibodies, Woburn, MA) was used as a primary 

antibody for the immunoprecipitation of IL12R- β2 from RAW 264.7 cells. The antibody was 

crosslinked to Protein A conjugated magnetic beads via DSS. The crosslink procedure is as 

follows: 

The bead slurry was removed from the storage (4° C) and vortexed before transferring 

100 µL into a 1.5 mL Eppendorf tube. The tube was placed on a magnetic stand for one minute, 

and the supernatant was pipetted off the beads. Anti-mouse IL12R- β2 was added to 400 µL of 

PBS-T (0.02% Tween-20) in a separate tube. The antibody solution was then added to the bead 

column and mixed by pipetting up and down, then rotated for 40 minutes. 

The column was placed on a magnetic stand for 2 minutes and the supernatant was 

pipetted off. The column was washed with 400 µL of PBS-T (0.02% Tween-20) one time. 

A DSS crosslinking solution was made with 432 µL of N,N-dimethylformamide and 2 

mg of DSS for a final concentration of 12.5 mM. The bead column received 8 µL of DSS 

solution and the mixture was rotated as above. 
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The crosslink reaction was quenched with 100 µL of 1 M Tris-HCl (pH 7.5). The 

quenching solution was added to the column and rocked for 15 minutes. The solution was 

placed on a magnetic stand for 2 minutes and the supernatant was removed. 

Next, 500 µL of cell lysate was added to the column and mixed by pipetting. The 

column was split into two 250 µL portions and separated into two tubes. One tube incubated at 

room temperature for 2 hours and the other incubated at room temperature for 6 hours. 

Meanwhile, another column was prepared using the same procedure as above, with 

volumes cut in half. The final column of 250 µL of cell lysate and beads was not divided. This 

column was incubated at 4° C overnight. 

After incubation, each column was washed and eluted using the same procedure. The 

column was placed on a bead stand for two minutes and the supernatant was removed. The 

column was then washed three times with 200 µL of PBS -T (0.02% Tween-20). The washes 

were collected and combined. 

The column was then eluted with 50 µL of SDS sample buffer at 70° C for 7 minutes. 

Each column was eluted twice and the collections were combined. 

IL12R-β1 

IL12R-β2 forms a heterodimer with another receptor – IL12R-β1. These receptors are 

both type 1 cytokine receptors.30 As such, IL12R-β1 was also considered a possible candidate 

to exhibit C-linked glycosylation. Immunoprecipitation was used to enrich the concentration of 

the IL12R-β1 protein. Santa Cruz anti-mouse IL12R-β1 was used to capture any present 

IL12R-β1 in the RAW 264.7 cell lysates. Magnetic beads conjugated with Protein A were used 

to immobilize the primary antibody. After washing, the proteins of interest were eluted with 
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SDS buffer at 70 °C for 7 minutes. The elution process was repeated, and the samples were 

combined. 

Immunoblots 

IL12R-β2 

After the immunoprecipitation, the proteins were separated using SDS-PAGE. Once 

separated, the proteins were transferred to nitrocellulose paper using a current of 500 mA for 1 

hour. The nitrocellulose paper was then blocked with 5% milk in TBS-T (0.1% Tween-20). 

Once blocked, the blot was incubated overnight at 4° C in a 1:1000 solution of anti- 

IL12R-β2 antibody and blocking buffer. After incubation, the blot was washed 1 time for 15 

minutes and 3 times for 5 minutes in TBS-T. HRP-conjugated goat anti-rabbit IgG secondary 

antibody (Abcam, Inc.) was introduced in a 1:10000 solution of antibody to TBS-T. The blot 

was incubated for one hour at room temperature and then washed according to the procedure 

above. 

Once the blot was properly blocked and exposed to primary and secondary antibodies, it 

was incubated for 5 minutes in a 1:1 luminol and peroxide solution. The blot was imaged on the 

BIO RAD ChemiDocTM XRS+ imaging system provided by the Spitzer Lab. 

IL12R-β1 

After the immunoprecipitation, the proteins were separated by SDS-PAGE. Proteins 

were transferred from the gel to nitrocellulose paper. The blot was tested using rabbit anti-

mouse IL12R-β1 primary antibody and an anti-rabbit IgG secondary antibody.  

Mass Spectrometry 

 HECID MS was used to analyze samples obtained from cell cultures. 
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IL12 Stimulation 

Failure to identify IL12R-β2 via mass spectrometry led to additional literature review. 

Upon further analysis of the literature, it was found that LPS upregulates the ERK pathway in 

RAW 264.7 macrophage-like cells. Furthermore, it was found that this pathway inhibits the 

IL12 pathway and production.31 

Stimulating the IL12 cytokine is necessary to upregulate the expression of its receptors, 

IL12R-β1 and IL12R-β2. With this in mind, a new experiment was designed to stimulate the 

IL12 pathway selectively. Three 75 mL flasks of cells were raised. The first flask was untreated 

and used as a control. The second flask was pretreated with UO126 for 30 minutes to inhibit the 

ERK pathway, and then LPS overnight to stimulate the IL12 pathway. The third flask was 

treated with CpG DNA. CpG DNA is shown to stimulate the IL12.32 However, CpG DNA has 

not been shown to stimulate the ERK pathway. 

The samples were sent to the Haltiwanger Lab at University of Georgia. IL12R-β2 was 

not detected in any samples via HECID MS. 

Using the same lysates, levels of the IL12 p-40 domain were analyzed using enzyme-

linked immunosorbent assay (ELISA). A 96 well plate was incubated with anti-p40 capture 

antibody in sodium bicarbonate buffer overnight at 4° C. The plate was covered with a plastic 

film to prevent contamination. The wells were then washed with PBS and blocked with 5% milk 

in PBS, covered with a plastic film, and incubated overnight at 4°C. After blocking, the wells 

were washed and standards and samples were added to the plate in quadruplets (Table 1), 

covered with a plastic film, and allowed to incubate at 37° C for 90 minutes. The wells were 

again washed, and biotinylated p40 detection antibody was added. The plate was covered with a 

plastic film and incubated for 2 hours at room temperature. A secondary antibody incubation was 
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done for 1 hour at room temperature using Avidin-HRP secondary antibody. Next, the plate was 

incubated for 15 minutes with TMB substrate and detected at 495 nm using a BioRad iMark 

plate reader (courtesy of Dr. Holly Cyphert). 

A silver stained SDS PAGE gel and a Western blot were also made using these samples 

per the protocols mentioned earlier in the chapter. 
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CHAPTER 6 

RESULTS 

IL12R-β2 

A mass of approximately 116 kilo Daltons was observed in the ERK shut down 

experiment. It is present in all three elution lanes, but more prominent in the stimulated lanes 

(Figure 9). The presence of the 116 kD bands strongly suggests the presence of IL12R-β2 under 

each condition (expected mass 112-130 kDa). The band was not seen in an SDS-PAGE gel 

made with the same samples after silver stain (Figure 10). 

 

 

 

 

 

 

 

Figure 9: Western Blot of ERK Shutdown Cell Lysates. Western blot showing the 

presence of a band corresponding to the molecular weight of IL12R-β2 in the elutions of 

unstimulated RAW 264.7 cells.  

Figure 10: Silver Stain Gel of ERK Shutdown Cell Lysates. Silver stain gel does not have 

clear bands at the molecular weight of IL12R-β2 in the elutions of unstimulated RAW 264.7 

cells.  
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To investigate the possibility of C-linked modification (whether on IL12R-β2 or not), a  

biotin conjugated Western blot was done using biotinylated Galanthus nivalis lectin (GNL) – a 

lectin shown to bind to terminal mannose on glycosylated amino acids. Peptide – N – 

Glycosidase F (PNGase F) was applied directly to the surface of the blot to cleave any N-linked 

mannose before GNL was applied. The GNL blot showed no bands (Figure 11). It is suspected 

that the sample proteins degraded and could not bind GNL due to several weeks of storage at 4° 

C prior to detection. Another GNL blot was not done due to constraints on time and materials. 

 After immunoblotting, a second SDS PAGE gel was run from IP elutions. Instead of a 

transfer, the gel was stained with Coomassie Brilliant Blue to reveal protein bands. No bands 

corresponding to IL12R-β2 were observed. After destaining, the gel was stained again with a 

more sensitive silver stain technique. Bands were excised and prepared for mass spectrometry 

analysis. The bands were analyzed either in the Frost Lab at Marshall University or the 

Haltiwanger Lab at University of Georgia.  

Figure 11: Western Blot Probed with Biotin Conjugated GNL. GNL bound proteins were 

not detected on this blot. 
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IL12R-β1 

The absence of IL12R-β1 bands in the western blot was reason to discontinue this piece 

of the experiment. 

 

 

Figure 12: Western Blot of IL12R-β1. Western Blot of IL12R-β1 with p-40 and α-actin 

controls. The blot was cut into four strips for imaging. Each strip contained its own molecular 

weight marker. 

 

IL12 Stimulation 

  

 IL12 was stimulated using various conditions. The conditions used were recorded as 

followed and used for analysis downstream (Table 1). 
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Table 1: 96 Well Elisa Sample Grid. Table of samples loaded into each well of a 96 well 

ELISA plate. Each sample was analyzed in quadruplets. 

Wells A1 – A4: 

IL-1β Standard 0 pg/mL 

Wells A5 – A8: 

Control 1:10 Dilution 

Wells A9 – A12: 

Control 1:100 Dilution 

Wells B1 – B4: 

IL-1β Standard 1000 pg/mL 

Wells B5 – B8: 

LPS + U0126 1:10 Dilution 

Wells B9 – B12: 

LPS + U0126 1:100 Dilution 

Wells C1 – C4: 

IL-1β Standard 500 pg/mL 

Wells C5 – C8: 

CpG 1:10 Dilution 

Wells C9 – C 12: 

CpG 1:100 Dilution 

Wells D1 – D4: 

IL-1β Standard 250 pg/mL 

Wells D5 – D8: 

RAW 0 Hour 

Wells D9 – D12: 

Background 

Wells E1 – E4: 

IL-1β Standard 125 pg/mL 

Wells E5 – E8: 

RAW 1 Hour (-LPS) 

Wells E9 – E12: 

RAW 1 Hour (+LPS) 

Wells F1 – F4: 

IL-1β Standard 62.5 pg/mL 

Wells F5 – F8: 

RAW 2 Hour (-LPS) 

Wells F9 – F12: 

RAW 2 Hour (+LPS) 

Wells G1 – G4: 

IL-1β Standard 31.3 pg/mL 

Wells G5 – G8: 

RAW 6 Hour (-LPS) 

Wells G9 – G12: 

RAW 6 Hour (+LPS) 

Wells H1 – H4: 

IL-1β Standard 15.6 pg/mL 

Wells H5 – H8: 

RAW 12 Hour (-LPS) 

Wells H9 – H12: 

RAW 12 Hour (+LPS) 
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The absorbance readings of each quadruplet were averaged, and the standards were 

used to plot a standard curve (Table 2). The equation of the resulting line is shown in the figure 

as is the R2 value. 

The standard curve was used to calculate the concentration of IL12 p40 in each sample 

condition from the average absorbance (Table 3).  

 

y = 0.0008x + 0.1027

R² = 0.9994
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Table 2: ELISA Standard Curve
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