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Abstract 

Antibodies to DNA (anti-DNA) are a canonical marker for systemic lupus erythematosus 

(SLE), a prototypic autoimmune disease that is most common in young women and has 

highly variable immunological and clinical manifestations. Anti-DNA antibodies play a key 

role in the pathogenesis of lupus as they can form pathogenic immune complexes that can 

ultimately lead to organ damage. Prior studies showed that the antibody’s charge may 

influence the formation of immune complexes; DNA is negatively charged because of the 

phosphodiester backbone and anti-DNA antibodies are rich in positively charged amino 

acids.  To elucidate the mechanisms of anti-DNA antibodies, we wanted to further explore 

how charge affects antibody binding using as a model a monoclonal antibody. In this study, 

we tested whether the binding properties of Val-1205, an E310 monoclonal antibody (MAb), 

are mediated by electrostatic interactions, similar to those identified for serum as well as 

monoclonal anti-DNA antibodies. For this purpose, we took advantage of this monoclonal 

antibody that has been re-engineered to express more charge and higher binding avidity to 

determine how charge affects the association and dissociation of ICs. Enzyme-linked 

immunosorbent assays (ELISAs) were performed under distinct experimental environments 

to identify possible changes in antigen-antibody (Ag-Ab) interactions. We found that Val-

1205 binds well to DNA in ELISAs and that changing buffer composition without altering 

pH did not significantly change binding activity. In addition, Val-1205 binding was 

unchanged by the number of times the antibody had been thawed. However, Val-1205’s 

binding activity was influenced by salt concentration. When compared to antibodies from 

SLE patient serum, the Val-1205 antibody had comparable dependence on ionic strength. 

These results are important since they demonstrate the exquisite dependence on the ionic 

strength of anti-DNA, reflecting the role of electrostatic interactions. Results presented herein 

provide new understandings of the mechanism of anti-DNA–DNA interaction and indicate 

that Val-1205 may be especially dependent on charge-charge interaction. These results also 

provide an important insight that Val-1205, despite its strong binding affinity, may represent 

anti-DNA antibodies that are primarily dependent on charge. The dependence on ionic 

interactions in Val-1205 may be utilized as steppingstones to better understand the 

immunopathogenesis of lupus. 
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1. Introduction  
1.1 Roles of Anti-DNA in Lupus 

Systemic lupus erythematosus is a prototypic autoimmune disease most common in young women 

and has highly variable immunological and clinical manifestations (i.e., immune dysfunction).1, 2 About 

90% of patients with SLE are women whose age is between 15 and 44.3 The etiology of SLE is not fully 

understood, but genetic susceptibility, epigenetic and environmental factors all play a role. Symptoms 

include multisystem organ involvement due to SLE’s serological markers – elevated antinuclear 

antibodies (ANA) – which bind to nuclear antigens and form immune complexes that contribute to organ 

damage.4-6  A relationship between the pathogenicity of anti-DNA antibody – DNA complexes and how 

tightly this immune complex is can be described as “tightness” (binding avidity). This “tightness” in an 

immune complex varies throughout since there is variance within anti-DNA antibodies. The “tightness” 

between this immune complex can be characterized by electrostatic interactions. The “tighter” these 

immune complexes are, the more pathogenic. Relatively, a “not-so-tight” immune complex that can 

dissociate readily is not considered a severe pathogenic effector. 

Unearthing the mechanisms of anti-DNA antibodies is crucial to understanding SLE. There are no 

current treatments able to disrupt immune complexes, in part because researchers do not entirely 

understand the binding interactions between the antibody and antigen. Understanding the interactions from 

a biochemical perspective will improve our ability to design therapeutics for this complicated disease. 

Indeed, a disruption of antigen-antibody interactions could be a useful therapeutic approach especially if 

accomplished by the simple use of salts or other small molecules that can inhibit interactions. For now, 

lupus continues to be one of the most complex autoimmune disorders. Due to the complexity of the 

immune system and our limited understanding of it, obstacles impede a cure. Still, investigators are getting 

closer to finding what causes SLE, thus advancing the discovery of its cure. 
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1.2 Immune Complexes (ICs) 

Anti-nuclear antibodies have the ability to form immune complexes with nucleosomal components 

such as single-stranded DNA (ssDNA), double-stranded DNA (dsDNA), histones, and other DNA-binding 

proteins; microparticles (MPs) are small subcellular structures that display nuclear antigens and serve as 

antigens for anti-DNA antibodies and other ANAs.7-9 (see Figure 1) Charge-charge interactions appear to 

be an important basis of anti-DNA interactions.   

For instance, a lupus-specific ANA is the anti-DNA antibody. This particular ANA can form 

pathogenic immune complexes that eventually bind and activate complement (complement fixation) and 

promote inflammation as well as tissue damage within lupus patients.10, 11 Innate immune effectors 

enhance inflammation through the recruitment of innate immune cells.12 The roles of ICs include (1) 

induction of nephritis through renal deposition and (2) the stimulation of cytokine production.13  
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Figure 1. Crystal structure of SLE patient-derived anti-DNA antibody in complex with oligonucleotide. 

(A-C) Show the crystal structure of the 71F12 Fab-DNA complex.14  

Source:  Adapted from PDB ID: 102L; Sakakibara, S., Arimori, T., Yamashita, K. et al. Clonal evolution and antigen recognition of anti-

nuclear antibodies in acute systemic lupus erythematosus. Sci Rep 7, 16428 (2017). https://doi.org/10.1038/s41598-017-16681-y 

 

1.3 Anti-DNA Antibodies 

Antibodies to DNA (anti-DNA) are markers of systemic lupus erythematosus (SLE) and important 

examples for antinuclear antibodies (ANA), which define a group of conditions known as autoantibody 

associated rheumatic disease. Antinuclear antibodies bind proteins, nucleic acids, and complexes of 

proteins that play essential roles in cell function such as transcription, translation, and processing of pre-

mRNA.  

The binding of antibodies to proteins has been extensively analyzed to clarify the underlying 

mechanisms of protein-antibody interactions, a vital issue in the design of vaccines and biomarkers. 

Previous observations have particularly identified peptides, including those found on viral coats, as 

antigenic targets. Moreover, forces associated with antibody-protein interactions include noncovalent 

https://doi.org/10.1038/s41598-017-16681-y
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forces such as hydrophobic forces, van der walls, hydrogen bonds, and electrostatic forces. Hydrophobic 

forces are comprised of water interacting with certain groups bundled together that produce the exclusion 

of water molecules. Van der walls can be characterized by electron cloud fluctuations that polarize 

neighboring molecules, which also contribute to hydrophobic interactions. These phenomena are present 

in antigen-binding sites since many hydrophobic groups such as aromatic amino acids comprise these 

antigen-binding sites. Moreover, the surface complementarity model has shown to be dependent on strong 

hydrogen bonds and electrostatic interactions. The complementary surface model is a space-filling 

phenomenon where the antibody binds to a complementary surface found in the antigen like two puzzle 

pieces.15 (See Figure 2)  

 

 

 

 

 

 

 

 

 

Figure 2. Fab Space-filling binding. This schematic shows how protein antigens (red, orange, and yellow) 

can fit into the space like puzzle pieces. This binding interaction is known to be mediated hydrophobic 

forces, van der walls, hydrogen bonds, and electrostatic forces. 

 
Source:  Adapted from Janeway CA Jr, Travers P, Walport M, et al. Immunobiology: The Immune System in Health and Disease. 5th 

edition. New York: Garland Science; 2001. The interaction of the antibody molecule with specific antigen. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK27160/ 

 

https://www.ncbi.nlm.nih.gov/books/NBK27160/
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In contrast to protein-binding antibodies, antibodies that bind to nucleic acids, such as DNA, also 

occur. Still, their interactions are less well defined since they occur primarily in disease settings and are 

difficult to model.  Deoxyribonucleic acid (DNA), a large, negatively charged macromolecule that bears 

the genetic code in a complementary double helix, is known to be a poor immunogen by itself. 5, 16 When 

anti-DNA antibodies bind to DNA, they form immune complexes that have potent immunological 

properties. Current models posit a key role that the negative charge on DNA polymers, specifically the 

phosphodiester backbone, and the positive charge in antibody’s paratope to allow for charge-charge 

interactions to mediate antigen-antibody interactions.13, 17 (See Figure 3) 

 

 

 

 

 

 

 

 

 

 

 

 



 

 10  
 

 

 

 

 

  

  

 

 

Figure 3. DNA bound to the anti-DNA antibody. This graphic depicts the charge array of the 

phosphodiester backbone and how an antibody may dock. The negative red lines represent a negative 

charge, whereas the blue plus signs represent a positive charge. The black boxes around the positive and 

negative charges illustrate the potential ionic interactions between the negatively charged DNA with the 

positively charged paratope of the antibody’s paratope.18 

 

Source:  Created from PBD ID:  3I5E; Chenoweth DM, Dervan PB. Allosteric modulation of DNA by small molecules. Proc Natl Acad Sci 

U S A. 2009;106(32):13175–13179. doi:10.1073/pnas.0906532106 

 

Despite considerable investigation, the mechanisms on how anti-DNA antibodies bind to DNA are 

not well defined. Chikao Morimoto and Hiroshi Sano believed that anti-DNA antibody – DNA complexes 

were involved in specific interactions with the bases. To determine if these interactions were due to base 

specificity, Sano et al. isolated SLE patient DNA using an affinity column, cloned it, and then observed 

an abundance of GC regions in the DNA after analysis.19, 20 Later studies conducted by Vinogradov 
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identified a positive correlation between the relationship of GC rich regions with thermostability, 

bendability and ability to B–Z transition.21  

Moreover, purine and pyrimidine bases buried within the ds-DNA β-helix have been associated 

with binding with anti-ssDNA antibodies; however, the native configuration of DNA makes the purines 

and pyrimidines – to which the anti-DNA antibody binds to – to be unreachable. Thus, the native 

conformation limits anti-ssDNA binding to native DNA.22  Comparatively, the mechanisms of anti-DNA 

antibodies continue to be explored, especially those of anti-dsDNA, the canonical biomarkers for 

systemic lupus erythematosus.23 Anti-dsDNA antibody titers fluctuate relative to the disease activity of 

SLE, so it is essential to understand the mechanisms of these antibodies binding to DNA.23 

Understanding this ideal conformation that DNA adapts to form immune complexes when exposed to 

anti-DNA antibodies during fluctuations could be utilized to better understand the mechanisms of anti-

DNA antibodies during different stages of SLE. 

To further explore the binding mechanisms of anti-DNA antibodies, David Pisetsky probed the 

mechanisms of anti-DNA antibodies through several studies. Notable findings by Pisetsky and Stearns 

were published in The Role of Monogamous Bivalency and Fc Interactions in the Binding of anti-DNA 

Antibodies to DNA Antigen.24 Pisetsky and Stearns demonstrated how Fab and F(ab')2 fragments showed 

poor anti-DNA activity. Hence, results presented evidence for both monogamous bivalency and the 

importance of the Fc portion to maximize affinity/avidity.24 

Nevertheless, past literature provides convincing evidence that electrostatic interactions may impact 

the mechanisms of anti-DNA antibody binding. The positive charge in the antibody’s paratope and the 

negative charge on DNA polymers allow for charge-charge interactions to occur which may be responsible 

for mediating antigen-antibody interactions.13, 17 R. J. T. Smeenk et al. demonstrated the salt lability 

between antibodies to DNA and DNA using both the Farr and PEG assays.25 Smeenk et al. described this 

predominant electrostatic reaction to may have been related to the behavior of the assay.25 Salts have been 
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found to not only decrease but also enhance protein stability; in this case, there is a disruption of the ideal 

conformation caused by ionic inhibitors.26 

In like manner, B. David Stollar investigated the effects of salt on anti-DNA antibody binding to 

DNA. Stollar’s findings suggest that salts play a role in establishing an ideal conformation for DNA to 

form immune complexes when exposed to anti-DNA antibodies in the presence of NaCl. In fact, as salt 

concentration increased, binding between Z-DNA antibodies to Z-DNA increased.27 Additionally, Stollar 

found that the midpoint of B-Z DNA transition happens at 2.25 NaCl; however, Z-DNA can become stable 

when the Z-DNA antibody binds to Z-DNA.28 

Although the binding mechanisms of anti-DNA antibodies are poorly understood, several 

investigators have posed potential binding mechanisms of anti-DNA antibodies. Despite the various 

possible binding mechanisms mentioned of this anti-DNA antibody - DNA reaction, the binding 

properties continue to be explored in the hope of discovering the actual mechanism that will be used to 

fill in the gaps missing in SLE. DNA is different than most antigens since it is a nucleic acid, so we are 

taking advantage of this negatively charged molecule to study charge interactions with anti-DNA 

antibodies. To better understand the immunopathogenesis of lupus, investigators must comprehend the 

fundamental immunochemical properties of the antigen-antibody interactions.29 Such properties include 

effects on binding of ionic strength, pH, temperature, and conformation of anti-DNA antibodies to DNA 

among others. Understanding the immunochemical properties of anti-DNA antibodies could help us 

uncover physiologically relevant data that could help in developing new strategies to mitigate symptoms 

during different stages of SLE.  

1.4 Val-1205 Monoclonal Antibody 

This experiment used as a model a monoclonal antibody called Val-1205.  This antibody is derived 

from a murine (mouse) monoclonal antibody called 3E10 and is a delivery antibody produced by 

Valerion Therapeutics, LLC.30 3E10 is an unusual monoclonal anti-DNA antibody since it can penetrate 
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living cells and localize in the nucleus through an equilibrative nucleoside transporter without causing 

any apparent harm to the cell.31 This antibody is derived from a lupus mouse anti-DNA autoantibody. 

Amino-acid substitutions, specifically D31N, into the antibody were made to improve DNA-binding and 

cell uptake (permeability).32 Also, Val-1205 has been used as a therapeutic due to its living cell 

penetration abilities and its excellent ability to bind to DNA (and associated nucleosomal components).6, 

33, 34 

1.5 Assays of Anti-DNA  

Although ANAs are essential in the diagnosis of SLE, anti-dsDNA antibodies are one specific 

criterion, unlike ss-DNA that may occur in other settings. Higher levels of anti-dsDNA antibodies are 

correlated with more severe lupus, and the titers of anti-DNA antibodies are a cornerstone of the 

diagnosis of SLE. Thus, anti-dsDNA antibody tests are important for the classification of SLE. 

To study anti-dsDNA antibodies, several assays can be performed. Immunodiffusion assays indicate 

binding in the form of a precipitate of immune complexes. The ammonium sulfate assay, commonly 

known as the Farr assay, is used to quantify high-affinity anti-DNA antibodies in a serum sample. This 

process is accomplished by incubating radiolabeled DNA antigen with serum followed by the addition of 

saturated (NH4)2SO4, which ultimately precipitates proteins, including antibodies in immune complexes. 

The precipitation of the radiolabeled DNA within these immune complexes can then be quantized as a 

surrogate marker of the amount of anti-DNA antibody was present in the serum.35   Crithidia luciliae 

immunofluorescence test (CLIFT) can determine the maximum dilution that gives a positive 

immunofluorescence reaction to determine the quantity of anti-DNA antibodies in serum. C. luciliae has 

a large mitochondrion, commonly known as a kinetoplast, which is a complex structure consisting of 

mitochondrial double-stranded DNA. The maximum titer (or lowest concentration) of serum staining the 

kinetoplast is utilized to quantify the anti-dsDNA antibody in the patient serum.  
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The ELISA (or Enzyme-linked immunosorbent assay) is an indirect assay in which DNA is bound to 

a solid-phase support, exposed to serum, and anti-DNA antibody binding detected with an enzyme-

labeled secondary antibody to human IgG. A comparison of color development in controlled wells with 

treated wells with a dilution of a known standard allows quantification.10 DNA affinity column 

chromatography allows the characterization of polyclonal antibodies by purifying and isolating 

antibodies to DNA through binding the Fc domain of the IgG with a certain protein.36, 37 Although all 

these assays can test for anti-DNA, there is no assurance for a positive result across all assays.38  

1.6 This Study 

The literature suggests that anti-DNA antibody binding is presumed dependent on ionic interactions 

since some or many antibodies bind electrostatically. Val-1205 is, therefore, a good model to study since 

it allows exploration of an antibody dependent on charge. Comparing Val-1205 with serum binding is 

therefore informative.  

Although the Val-1205 antibody was not made strictly to study the formation of immune complexes, 

we are taking advantage of this antibody since a monoclonal antibody can simplify the analysis.  It is 

difficult to characterize the mechanisms of autoantibody binding with polyclonal sera since sera most 

likely contain multiple distinct antibodies with distinctive properties. Although this therapeutic antibody 

has a single peptide change that enhances its ability to enter cells, be non-cytotoxic, non-immunogenic, 

and non-inflammatory, we make use of this interesting antibody in hope to use its excess charge to study 

its binding to DNA.39, 40 This anti-DNA antibody is a potential representative anti-DNA antibody model.  

In this study, we are testing whether Val-1205 is really mediated by electrostatic interactions, like 

the ones shown in previous studies, so that researchers can explain better the generation and 

compositions of immune complexes.   
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2. Materials and Methods 
2.1 Sources of Reagents 

All chemicals were from Sigma-Aldrich Corporation (St. Louis, MO) unless otherwise noted. 

Phosphate Buffered Saline, Ca2+, Mg2+ free was from Life Technologies (Carlsbad, CA). Calf thymus 

DNA (CT DNA) was purchased from Worthington Biochemical (Lakewood, IN). The secondary 

antibody, horseradish peroxidase (HRP), anti-human IgG (γ-chain specific) – peroxidase, developed in 

goat, affinity isolated antigen-specific antibody (A6029-1ML) was from Sigma-Aldrich Corporation. A 

UVmax spectrophotometer was used to measure the absorption.41 All materials from various preparations 

were stored at 4°C until use.24 

2.1.1 1XSSC Preparation  

A stock of 20XSSC (Saline Sodium Citrate) was diluted with Ultrapure Water (UPW). UPW was 

aliquoted first, then 20XSSC. The desired volume Z was substituted into the equations (1) and (2) to 

obtain required volumes of 20XSSC and UPW respectively.  

V20XSSC = 
Z

20
                 (1) 

VUPW =  Z −
Z

20
                                 (2) 

2.1.2 Tris-Buffered Saline (TBS) Trizma Buffer Preparation 

SUPELCO’s “Trizma® Buffer Product Specifications” was used as a reference.42 A 500 mL solution 

of 1M Tris∙HCl pH 7.5 was prepared by mixing 63.5g of Trizma∙HCl and 11.8g of Trizma Base in 500 

mL of UPW. The solution was then stirred for about 30 minutes, then 0.2 μm filter-sterilized in the 

tissue culture hood. Once prepared, it was stored at 25oC.  
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2.1.3 PBS - ELISA Dilution Buffer (PBS - EDB) Preparation 

A 500 mL solution was prepared by aliquoting 0.5g of Bovine Serum Albumin (BSA) (0.1%), and 

250 μL of Tween-20 (0.05%). The solution was then stirred for about 30 minutes, then 0.2 μm filter-

sterilized in the tissue culture hood. Once prepared, it was stored at 4oC.  

2.1.4 Tris- ELISA Dilution Buffer (Tris- EDB) Preparation 

To prepare a 500 mL solution of 100mM NaCl Tris-EDB solution the following amounts were 

aliquoted:  25mL of 1M Tris∙HCl, 50 mL of 1M NaCl, 0.5g of BSA (0.1%), 250μL of Tween-20 

(0.05%), and 425mL of UPW. The solution was then stirred for about 30 minutes, then 0.2 μm filter-

sterilized in the tissue culture hood. Once prepared, it was stored at 4°C. 

The same process from above was followed to prepare 30 mL solutions of 250mM, 500mM, and 

1000mM NaCl Tris-EDB solutions, but the amounts (shown in Table 1) were altered.  

 

Table 1. 100mM, 250mM, 500mM, and 1000mM NaCl Tris-EDB Solution Preparation 

This table shows the amounts required of reagents depending on volume needed to prepare a 500 mL 

solution of 100mM, 250mM, 500mM, and 1000mM NaCl Tris-EDB Solution. 

 

Reagent 250mM 500mM 1000mM 

1M Tris∙HCl 1.5 mL 1.5 mL 1.5 mL 

0.05% Tween-20 0.3 mL 0.3 mL 0.3 mL 

0.1% BSA  0.3 mL 0.3 mL 0.3 mL 

2.5M NaCl 3 mL 6 mL 12 mL 

UPW 24.9 mL 21.9 mL 15.9 mL 
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2.1.5 Block Buffer II Preparation  

The volume needed of Block Buffer II solution was based on 200 μL/well. A 500 mL stock solution 

was prepared by aliquoting 10g of BSA (2%), 250 μL of Tween-20 (0.05%), and 500mL of 1XPBS. The 

solution was then stirred for about 30 minutes, then 0.2 μm filter-sterilized in the tissue culture hood. 

Once prepared, it was stored at 4oC. 

2.2 Calculations and Preparation of Coating Antigens 

CT DNA was diluted from 924 μg/mL to 5μg/mL. Equations (3) and (4) were used to attain the 

respective values where V is the volume of respective reagent. The volume needed for coating antigen 

solution was based on 100 μL/well, respectively.  

 

5

924 
*Vdesired mL = V924 μg/mL of CT DNA μL                     (3) 

Vdesired - V924 μg/mL of CT DNA μL = V1XSSC                  (4) 

 

These equations were used for calculating both CT dsDNA and CT ssDNA aliquot volumes.  

Calf thymus single-stranded DNA (CT ssDNA) for coating was prepared in a 1.5 Eppendorf tube 

that was punctured in the center with an 18G needle. The needed volume of CT DNA was aliquoted into 

the Eppendorf tube that was then placed in a floating rack. This floating rack was balanced in a 500mL 

beaker filled with water. An empty Eppendorf tube was used to balance the floating device. A hot plate 

was used to heat the water. Once the water began to boil, the calf thymus double-stranded DNA (CT 

dsDNA) was left boiling for 10 minutes. Once denatured, it was centrifuged and immediately placed for 

cooling on ice.432 
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 2.3 Val-1205 Monoclonal Antibody 

Val-1205 (Vial Sample Name:  3645 Purified Hu3E10 IgG. Vial Lot:  50L SUB-3645-248-1-001. 

Concentration:  20mM Histidine. Sample Volume 60mL@10.1 mg/mL. Stock Number:  VALE-915) is 

from Valerion Therapeutics, LLC. Aliquots of this reagent were stored at -20oC. 

The primary antibody, Val-1205, was diluted in either PBS-EDB or Tris-EDB [X-EDB] depending 

on the experiment. All dilutions used a 100 ng/mL solution. To make this, the stock solution (10,000 

ng/mL) was first diluted to 20μg/mL by aliquoting 2 μL of stock solution into 998 μL of [X-EDB]. 

Consequently, to make a 100 ng/mL solution, 2 μL of the 20μg/mL solution was aliquoted into 398 μL 

of [X-EDB].   

2.3.1 Antibody Serial 3-Fold Dilutions 

For ELISA #1, a three-fold dilution was performed following the procedure above to start with 100 

ng/mL of Ab solution. Afterward, a serial dilution was made with 1 part of the previous solution and 2 

parts [X-EDB]. 

2.3.2 Antibody Serial 4-Fold Dilutions 

For Experiment #2 & #3, four-fold dilutions were performed following the procedure above to start 

with 100 ng/mL of Ab solution. Afterward, a serial dilution was made with one part of the previous 

solution, and three parts [X-EDB] was done. 

2.3.3 Antibody Serial 2-Fold Dilutions 

For Experiment #4, #5, and #6, two-fold dilutions were performed following the procedure above to 

start with 100 ng/mL of Ab solution. Afterward, a serial dilution was made with one part of the previous 

solution, and two parts [X-EDB] was done. 
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2.4 SLE#5 Patient Serum Dilutions  

SLE Patient Serum was obtained from Plasma Services Group, Huntingdon Valley, PA. The volume 

needed for the SLE#5 dilution solution was based on 100 μL/well. The 1 in 400 dilution was first 

prepared by aliquoting 5 μL of SLE #5 patient serum and 1995 μL of X-EDB. Afterward, a serial 

dilution was made with one part of the previous solution, and one part [X-EDB] was done. 

2.5 Secondary Antibody (HRP) Dilution Preparation 

The volume needed of 2°Ab solution was based on 100 μL/well. Depending on the volume, a 1 in 

1000 dilution of the secondary antibody was done in [X-EDB].  

2.6 TMB (3,3′,5,5′-Tetramethylbenzidine) Substrate Solution Preparation 

The volume needed for TMB substrate solution was based on 100 μL/well. Table 1 shows the 

amounts required of reagents depending on the volume needed. From Table 2, amounts were collected 

and then aliquoted into a reservoir.  

 

Table 2. TMB Substrate Solution Preparation  

This table shows the amounts required of reagents depending on the volume needed to prepare TMB 

substrate solution. 

Volume Needed 30% Hydrogen 

Peroxide 

TMB Stock 0.1 M Citrate Buffer 

pH 4 

10 mL 3.40 μL 200 μL 10 mL 

20 mL 3.80 μL 400 μL 20 mL 

30 mL 10.2 μL 600 μL 30 mL 

40 mL 13.6 μL 800 μL 40 mL 

50 mL 17.0 μL 1.00 mL 50 mL 
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2.7 Anti-DNA ELISA assay 

Val-1205 binding to CT DNA was assayed by ELISA with CT DNA directly bound to microtiter 

plates. All experiments used Immulon 2HB (high binding) flat-bottom, 96 well microtiter plates 

(Thermo Scientific, Waltham, MA). Unless otherwise noted, all procedures were performed under a 

tissue culture hood to maintain sterility and prevent contamination. All prepared reagents mentioned 

above were used throughout all experiments.  

First, the required amounts of 1XSSC and CT dsDNA/ CT ssDNA (see section 2.2) were aliquoted 

into a reservoir and then mixed with a serological pipette. They were mixed and transferred to a deep 

well plate to be distributed accordingly onto the Immunol 2HB plate using a multichannel pipette. The 

excess volume was transferred to a liquid waste container. The plates were then incubated at 4oC 

overnight (24 hrs.).  

After the 24-hour incubation period, required volumes of [X-EDB] and Block Buffer II were 

aliquoted and placed in a water bath to bring their temperatures to 25°C. The wells were then washed 

three times using 1XPBS at room temperature. In-between washes, the plates were flicked against clean 

paper towels to remove all liquid from wells except the last one to prevent the plate from drying out. 

Next, wells were blocked with 200 μL/well of Block Buffer II (see Section 2.1.5) at room temperature 

for 90 minutes. While the plates were blocking, plasma or antibody dilutions were prepared respectively 

in test tubes (see sections 2.3, 2.4, and 2.5). These dilutions were then transferred to appropriate well 

onto a deep well dish. After the 90 min incubation period, the wells were washed three times using 

1XPBS at room temperature. In-between washes, the plate/s were flicked against clean paper towels to 

remove all liquid from wells except the last one to prevent the plate from drying out. After washing, 100 

μL/well of plasma or Ab dilutions were distributed accordingly to the respective Immunol 2HB plate 

using a multichannel pipette. The plates were incubated at room temperature for an hour. During the 

incubation period, a 1/1000 dilution of HRP in X-EDB was prepared in the reservoir where it was mixed 
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with a serological pipette (see section 2.5). At the end of the incubation with antibody or plasma, wells 

were washed three times with 1XPBS. After being washed, 100 μL/well of secondary Ab dilution was 

distributed from the reservoir to its appropriate wells using a multichannel pipette. The plates were 

incubated at room temperature for an hour. During the incubation period, the required amounts of 

reagents to make the TMB substrate solution were aliquoted (see section 2.6). Due to the 

photosensitivity of the TMB stock, the TMB stock was wrapped in aluminum foil to then be thawed at 

room temperature. Again, plates were washed three times with 1XPBS. After washing, the reagents were 

aliquoted into the reservoir and mixed with a serological pipette. Lastly, 100 μL/well of TMB substrate 

solution was distributed accordingly. Once distributed, the plate was covered with aluminum foil and 

incubated for 30 minutes at room temperature. After the 30-minute incubation period, the peroxidase 

reaction was halted by adding 100 μL/well of 2 M H2SO4.  

Finally, the absorbance (OD450) of each well was read at 450 nm with a UVmax spectrophotometer. 

This procedure was repeated through all ELISA assays, but some conditions were altered. Brief 

summaries of individual assays follow.  

2.8 ELISA #1:  Val 1205 Antibody titer vs. CT dsDNA 

CT dsDNA was used to coat rows A-C. Rows D-F were coated solely with 1XSSC [(-) CTDNA]. 

Only PBS-EDB was used for this assay. (-) CT DNA was used as a control to support binding activity. A 

1 in 3 Ab Serial Dilution was used in this assay (see section 2.3.1). This assay was performed in 

duplicate for each antibody dilution sample. 

2.9 ELISA #2:  Old vs. New Val-1205 Antibody titer vs. CT dsDNA 

CT dsDNA was used to coat rows A-D. Rows E-H were coated solely with 1XSSC [(-) CT DNA]. 

Only PBS-EDB was used for this assay. (-) CT DNA was used as a control to support binding activity. A 

1 in 4 Ab Serial Dilution was used in this assay (see section 2.3.2). This assay was performed in 

duplicate for each Ab dilution sample. 
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2.10 ELISA #3:  Val-1205 Antibody Titer vs. CT ssDNA & CT dsDNA in Tris∙HCl and PBS Buffers (1 

in 4-fold)  

CT dsDNA was used to coat rows A&D. CT ssDNA was used to coat rows B&E. Rows C&F were 

coated solely with 1XSSC [(-) CTDNA]. PBS-EDB was used for rows A-C, and Tris-EDB was used for 

rows D-F. (-) CT DNA was used as a control to support binding activity. A 1 in 4 Ab Serial Dilution was 

used in this assay (see section 2.3.2). This assay was performed in duplicate for each Ab dilution sample. 

2.11 ELISA #4:  Val-1205 Antibody Titer vs. CT ssDNA & CT dsDNA in Tris∙HCl and PBS Buffers (1 

in 2-fold)  

CT dsDNA was used to coat rows A&D. CT ssDNA was used to coat rows B&E. Rows C&F were 

coated solely with 1XSSC [(-) CTDNA]. PBS-EDB was used for rows A-C, and Tris-EDB was used for 

rows D-F. (-) CT DNA was used as a control to support binding activity. A 1 in 2 Ab Serial Dilution was 

used in this assay (see section 2.3.3). This assay was performed in duplicate for each Ab dilution sample. 

2.12 ELISA #5:  Effects of NaCl Concentrations in Val-1205 Antibody in Tris∙HCl (1 in 2-fold) 

Two Immunol 2HB plates were used. Plate #1 had CT dsDNA coated in rows A&D. CT ssDNA was 

coated in rows B&E. Rows C&F were coated solely with 1XSSC [(-) CTDNA]. PBS-EDB was used for 

rows A-C, and Tris-EDB was used for rows D-F. Likewise, Plate #2 had CT dsDNA coated in rows 

A&D. CT ssDNA was coated in rows B&E. Rows C&F were coated solely with 1XSSC [(-) CTDNA]. 

Tris-EDB was used to prepare the different salt Ab dilutions (see section 2.1.4). (-) CT DNA was used 

as a control to support binding activity. A 1 in 2 Ab Serial Dilution was used in this assay (see section 

2.3.3). The serial dilutions were made with respective salt concentrations of Tris-EDB reagents made in 

section 2.3.3. The Ab Dilution using 100mM Tris-EDB was distributed across Rows A-C in Plate #1. 

The Ab Dilution using 250mM Tris-EDB was distributed across Rows D-F in Plate #1. The Ab Dilution 

using 500mM Tris-EDB was distributed across Rows A-C in Plate #2. The Ab Dilution using 1000mM 

Tris-EDB was distributed across Rows D-F in Plate #2. This assay was performed in duplicate for each 

Ab dilution sample. 
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2.13 ELISA#6:  Effects of NaCl Concentrations in Val-1205 Antibody and SLE#5 in Tris∙HCl (1 in 2-

fold)  

Two Immunol 2HB plates were used to repeat the different salt concentration Ab dilutions in ELISA 

#4. Plate #1 had CT dsDNA coated in rows A&D. CT ssDNA was coated in rows B&E. Rows C&F 

were coated solely with 1XSSC [(-) CTDNA]. PBS-EDB was used for rows A-C, and Tris-EDB was 

used for rows D-F. Likewise, Plate #2 had CT dsDNA coated in rows A&D. CT ssDNA was coated in 

rows B&E. Rows C&F were coated solely with 1XSSC [(-) CTDNA]. Tris-EDB was used to prepare the 

different salt Ab dilutions (see section 2.1.4). (-) CT DNA was used as a control to support binding 

activity. A 1 in 2 Ab Serial Dilution was used in this assay (see section 2.3.3). The serial dilutions were 

made with respective salt concentrations of Tris-EDB reagents made in section 2.3.3. The Ab Dilution 

using 100mM Tris-EDB was distributed across Rows A-C in Plate #1. The Ab Dilution using 250mM 

Tris-EDB was distributed across Rows D-F in Plate #1. The Ab Dilution using 500mM Tris-EDB was 

distributed across Rows A-C in Plate #2. The Ab Dilution using 1000mM Tris-EDB was distributed 

across Rows D-F in Plate #2. This assay was performed in duplicate for each Ab dilution sample. 

Two other Immunol 2HB plates were used to repeat the different salt concentration serum dilutions 

similar to the Ab dilution in ELISA #4. Plate #3 had CT dsDNA coated in rows A&D. CT ssDNA was 

coated in rows B&E. Rows C&F were coated solely with 1XSSC [(-) CTDNA]. PBS-EDB was used for 

rows A-C, and Tris-EDB was used for rows D-F. Likewise, Plate #4 had CT dsDNA coated in rows 

A&D. CT ssDNA was coated in rows B&E. Rows C&F were coated solely with 1XSSC [(-) CTDNA]. 

Tris-EDB was used to prepare the different salt serum dilutions (see section 2.1.4). (-) CT DNA was 

used as a control to support binding activity. A 1 in 2 Serum serial dilution was used in this assay (see 

section 2.3.3). The serial dilutions were made with respective salt concentrations of Tris-EDB reagents 

made in section 2.3.3. The SLE patient serum dilution using 100mM Tris-EDB was distributed across 

Rows A-C in Plate #3. The SLE patient serum dilution using 250mM Tris-EDB was distributed across 



 

 24  
 

Rows D-F in Plate #3. The SLE patient serum dilution using 500mM Tris-EDB was distributed across 

Rows A-C in Plate #4. The SLE patient serum dilution using 1000mM Tris-EDB was distributed across 

Rows D-F in Plate #4. This assay was performed in duplicate for each SLE patient serum dilution 

sample. 

 

3. Results 

3.1 ELISA #1:  Val 1205 Antibody titer vs. CT dsDNA (1 in 3-fold) 

To probe the activity and utility of Val-1205 as a lupus monoclonal antibody model, the first 

experiment investigated the binding efficacy through titration of Val-1205 to CT DNA. The data in 

Figure 4 show titration of Val-1205 to CT DNA. As these results show, the Val-1205 antibody binds 

well in this assay, as expected, and has enough activity for further analysis. Also, antibodies did not bind 

to the plate when DNA is not bound to the plate.  
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Figure 4. The binding of Val-1205 to CT dsDNA was examined in an anti-DNA ELISA. Serial 3-fold 

dilutions of Val-1205 were incubated with antigen and binding detected with HRP at 1/1000 dilution. 

Starting concentrations were 100 ng/mL. Each point is the average OD450 of two wells. Diamonds show 

data for wells coated with CT DNA; squares show data for wells without CT DNA. 

 

3.2 Old vs. New Val-1205 Antibody titer vs. CT dsDNA 

After validating that Val-1205 binds to calf thymus DNA, we wanted to see if there was a difference 

in binding abilities of Val-1205 depending on the number of times it had been thawed.44  Since the Val-

1205 stock was initially thawed before being aliquoted, we defined old as being thawed two or more 

times and new as only being thawed once – from the aliquoting of the stock. The data in Figure 5 show 

titration of old and new Val-1205 to CT DNA. As these results show, the validity of using this antibody 

regardless of the number of thawed times is demonstrated. 
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Figure 5. No difference can be observed between old and new Val-1205 Ab binding activity. Results 

show that assays will not be affected by using either old or new Val-1205 since its binding activity does 

not depend on the number it has been thawed. 

 

3.3 Val-1205 Antibody Titer vs. CT ssDNA & CT dsDNA in Tris∙HCl and PBS Buffers (1 in 4-fold)  

After validating Val-1205 binds well and does not depend on the number of times it has been 

thawed, we wanted to see the influence of different buffers on Val-1205’s binding activity. Since most 

studies use PBS, we wanted to find whether other buffer systems at the same pH also allowed binding so 

that we can perform a more detailed analysis of the effects of ionic strength. The data in Figure 6 show 

titration of Val-1205 to CT DNA. As these results show, there is no difference observed between 

Tris∙HCl and PBS buffers. For this reason, either Tris∙HCl or PBS at pH 7.5 could be used without 

affecting an assay. Despite the binding commonalities presented herein, these environments may consist 
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of different amounts of anions and cations. These cations affect the properties of proteins and DNA, 

while anions could specifically influence DNA conformation. 

 

 

Figure 6. The binding of Val-1205 to CT dsDNA was examined in an anti-DNA ELISA. Serial 4-fold 

dilutions of Val-1205 in either PBS or Tris∙HCl were incubated with antigen and binding detected with 

HRP at 1/1000 dilution. Starting concentrations were 100 ng/mL. Each point is the average OD450 of two 

wells.  

 

3.4 Val-1205 Antibody Titer vs. CT ssDNA & CT dsDNA in Tris∙HCl and PBS Buffers (1 in 2-fold)  

After probing Val-1205’s binding to calf thymus DNA in PBS and Tris, we wanted to support the 

further that the buffer did not provide a difference in binding. To do this, we performed a 2-fold dilution 

to amplify the binding region. The data in Figure 7 show titration of Val-1205 to CT DNA in either PBS 
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or Tris∙HCl. As these results show, there is no difference observed between Tris∙HCl and PBS buffers. 

For this reason, Experiment #3’s results can be validated. Either Tris∙HCl or PBS at pH 7.5 can be used 

without affecting an assay. 

 

 

Figure 7.  The binding of Val-1205 to CT dsDNA was examined in an anti-DNA ELISA. Serial 2-fold 

dilutions of Val-1205 in either PBS or Tris∙HCl were incubated with antigen and binding detected with 

HRP at 1/1000 dilution. Starting concentrations were 8 ng/mL. Each point is the average OD450 of two 

wells.  

 

3.5 Effects of NaCl Concentrations in Val-1205 Antibody in Tris∙HCl (1 in 2-fold) 

After exploring Val-1205 as a model for ionic binding, we wanted to see the effects of salt on the 

binding activity of Val-1205 testing the hypothesis. As shown in previous studies, murine monoclonal 
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antibodies appeared to be dependent on ionic strength, supporting an important role of charge-charge 

interactions.39 We wanted to see if this re-engineered monoclonal antibody is also salt sensitive. The 

data in Figure 8 show the titration of Val-1205 to CT DNA in different salt concentrations. As these 

results show, there is a difference observed between binding activity. The extent of inhibition by 

increasing ionic strength was unexpected since the binding of Val-1205 is so strong.  Relatively to After 

assaying the antibody in a 250mM salt solution, there was a dramatically reduced binding activity. 

Results demonstrate that Val-1205 is highly sensitive to salt. 
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Figure 8. The binding of Val-1205 to CT dsDNA was examined in an anti-DNA ELISA. Serial 2-fold 

dilutions of Val-1205 in 100mM, 250mM, 500mM, and 1M NaCl solutions. These solutions were 

incubated with antigen and binding detected with HRP at 1/1000 dilution. Starting concentrations were 8 

ng/mL. Each point is the average OD450 of two wells. This graph shows a rapid decrease in binding 

activity of Val-1205 in various Tris-EDB salt concentrations.  

 

3.6 Effects of NaCl Concentrations in Val-1205 Ab and SLE#5 in Tris∙HCl (1 in 2-fold)  

To validate Val-1205’s salt sensitivity, we repeated the experiment and used SLE patient serum as 

our control to compare the results of Val-1205 and patient serum. The data in Figure 9 show the contrast 

between ssDNA and dsDNA bound to Val-1205 and SLE patient anti-DNA antibodies. The antibodies 

did not bind directly to the plate. The data demonstrate that SLE patient anti-DNA antibodies bind 
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single-stranded DNA and double-stranded DNA better than Val-1205 under NaCl concentrations. (A) 

shows how the binding activity between SLE patient anti-DNA antibodies decreases but does not deplete 

even after 1000mM NaCl, whereas (B) shows how binding activity greatly reduces binding to ssDNA 

after 250mM NaCl. (C) shows a decrease of binding activity between dsDNA and SLE patient anti-DNA 

antibodies; however, (D) shows an abrupt decrease between 100mM NaCl and 250mM NaCl. After 

250mM of NaCl, binding between Val-1205 and dsDNA seems to be greatly impacted. These results 

demonstrate that Val-1205 is heavily dependent on salt. The data in Figure 9A and Figure 9C show 

titration of SLE patient serum in different salt concentrations. As these results show, there is a gradual 

decrease in serum’s anti-DNA antibodies binding to CT DNA, and binding can still be observed past 

250mM of NaCl, contrasting with that of Val-1205. The data in Figure 9B and Figure 9D show titration 

of Val-1205 to CT DNA in different salt concentrations. As these results indicate, Val-1205’s sensitivity 

to salt was seen again, validating the previous findings. Again, there is a robust and sudden decrease in 

antibody binding, which represents the high sensitivity to NaCl of Val-1205. At first, there seems to be 

some activity, but there is an abrupt decrease in binding activity. 
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Figure 9 (A-D).  The binding of SLE patient serum and Val-1205 to CT DNA was examined in an anti-

DNA ELISA. Serial 2-fold dilutions of Val-1205 in 100mM, 250mM, 500mM, and 1000mM NaCl 

solutions. These solutions were incubated with antigen and binding detected with HRP at 1/1000 

dilution. Starting concentrations were 1/400 ng/mL. Each point is the average OD450 of two wells. This 

graph shows a steady decrease in Ag-Ab binding activity in various Tris∙HCl-EDB salt concentrations. 

(A) and (B) show the binding between single-stranded DNA and no DNA bound to both Val-1205 and 

SLE patient anti-DNA antibodies. (C) and (D) show binding to double-stranded DNA and no DNA 

bound to both Val-1205 and SLE patient anti-DNA antibodies. 

 

4. Discussion 
The findings of these experiments provide new understandings into the binding of anti-DNA 

antibodies to their target DNA antigen, providing evidence that electrostatic interactions may primarily 

regulate anti-DNA antibodies. In previous literature, Morimoto and Sano believed that anti-DNA antibody 

– DNA complexes were dependent on DNA backbone determinants (i.e., GC rich regions); this point is 

not clear. Similarly, Kanai and Kubota demonstrated how DNA antigen-anti-DNA immune complexes 

dissociated in neutral 0.3-0.5M NaCl.45 Our study, however, indicates a salt concentration of 100mM-

250mM was enough to greatly disrupt these immune complexes; therefore, the recorded results suggest 

surprising results considering not all anti-DNA antibodies are so salt sensitive.46 The disrupted binding 

due to high salt concentrations were observed in both single and double-stranded DNA bound to Val-

1205. It can be observed that double-stranded DNA is more salt sensitive than single-stranded DNA. (See 

Figure 9) This study’s results suggest that salt may shield charge or even potentially influence a change 

in the “ideal conformation” established by the buffers. Val-1205 is potentially highly mediated by the ions 

binding to charged groups of epitopes or paratopes, ultimately obstructing their combination.47 The normal 

serum sodium and chloride levels in humans are between 137mM-147 mM and 96mM-106mM, 
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respectively.48, 49 A normal NaCl diet consists of about 153mM NaCl while a high NaCl diet consists of 

about 340mM NaCl.50 The 100mM titers shown in Figure 9 shows how the SLE patient anti-DNA 

antibodies bind with high avidity, whereas Val-1205 is affected greatly by 100mM NaCl.  

Results presented herein provide new understandings on the mechanism of anti-DNA-DNA 

interactions and indicate that Val-1205 may be especially dependent on charge-charge interaction. The 

re-engineering of Val-1205’s may have increased the number of charges while remodifying it. Given 

these findings, it is possible that Val-1205’s complete mechanism might include both salt independent 

and dependent attributes. Val-1205 demonstrated to be a high affinity murine anti-DNA antibody, which 

seems to be more dependent on salt than other lupus antibodies. On the contrary, it may not be a good 

model for more avid SLE anti-DNA antibodies since it was noted that Val-1205 was heavily dependent 

on ionic interactions with dsDNA. The inhibition of immune complexes is an essential concept of the 

antigenicity of DNA. Salt may also influence the binding and be a stimulator of dissociation of immune 

complexes like the one of polyamines.51 Val-1205 is an excellent example model for an antibody that 

binds by charge. 

To further understand these binding interactions, replication of previous studies using Val-1205 and 

potentially IgG1 (an anti-DNA antibody procured from Biocon Limited, Bengaluru, Karnataka, India 

that has shown similar immunochemical attributes to the ones of Val-1205) is needed in order to validate 

or nullify the findings regarding the influence of salt and pH on anti-DNA antibodies.39, 52-54 Results of 

such studies may help clarify how we assay anti-DNA antibodies leading to the development of better 

assays of anti-DNA antibodies to DNA. Since we already tested the effects of NaCl, future studies 

include testing binding activity with other salts such as potassium (K+) as well as effects of divalent 

cations such as magnesium (Mg++), and calcium (Ca++).55 Incubating the antibody at low salt 

concentration, then adding high salt, and altering the pH are possible directions to explore further. 

Elucidating the mechanism of immune complex generation and composition will potentially contribute 
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valuable studies not only for SLE but for other diseases since anti-DNA antibodies are not solely present 

in SLE patients.56  

Limitations of this study were the use of a monoclonal antibody that has been specially engineered 

for another purpose. While the mutation introduced may facilitate its intended therapeutic use, it may 

complicate its utility as a model for SLE anti-DNA antibodies. Additionally, we only used one DNA 

antigen. Still, we have no reason to suspect differences in antigenicity since previous studies have shown 

DNA binding to be no different from different types of DNA.57 Furthermore, the use of a solid phase 

instead of a fluid phase assay allowed us to test specificity and see all the expressive range with both low 

and high affinity/avidity.58  

Ultimately, further research on the influence of salts will help us better understand the 

immunopathogenesis of SLE. Anti-DNA antibodies may be both salt independent and dependent. It is 

possible that the dependence on ionic strength may be a result of the interaction between B-cells and 

DNA, just before anti-DNA antibody production. Potential ionic interactions between the B-cell and 

DNA may lead to the production of ionic strength dependent antibodies. These results provide an 

important understanding that Val-1205, despite its strong binding affinity, may represent anti-DNA 

antibodies that are primarily dependent on charge. The dependence on ionic interactions in Val-1205 

may be utilized as steppingstones to better understand the immunopathogenesis of lupus. 
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7. APPENDIX A: SAFETY APPENDIX 
 

Chemical Hazards 

 

Assessment includes health, fire, reactivity, and contact hazards associated with all the chemicals used in the 

research project. The steps taken to minimize risks include the use of appropriate personal protective equipment 

and use of standard operating procedures usually provided by the research director. 

 

Include in the table below all chemical hazards (if there are no chemical hazards for your project, enter “None” in 

the first cell). 

 

Chemical CAS RN Health Fire Reactivity Contact 

Personal 

Protective 

Equipment 

Standard 

Operating 

Procedure 

H2SO4 7664-93-9 4 Yes H2O Corrosive G&S, LC Neo 

        

        

        

        

        

        

        

        

        

 

Numerical codes used to indicate the extent of the hazard are: 0 = no known hazard, 1 = slight, 2 = moderate, 3 = 

severe, and 4 = extreme. Abbreviations used for personal protective equipment are: G = goggles, G&S = goggles 

and face shield, LC = lab coat, LC&A = lab coat and apron, and H = vented hood. Abbreviations used for types 

of gloves are: R = rubber, PVC = Polyvinyl chloride, BV = butyl viton, Nit = nitrile, Neo = neoprene. For 

Standard Operating Procedure "RD" indicates that it was provided by research director. Citations (author, year) 

are given for other sources of SOP. 
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Physical Hazards 

 

Assessment includes hazards associated with all the equipment and instruments used in the research project such 

as glassware, sharps, electrical equipment, electrophoresis devices, computer work stations, ergonomics 

(musculoskeletal effects from routine work in a fixed position - esp. long time standing, overexertion while 

moving or otherwise handling bulky and heavy pieces of equipment, package of chemicals, etc., eye strain from 

work with optical and electron microscopes, telescopic manipulators, computer screens, work in dark or semi-dark 

rooms, hand activity level, lifting, backcare), ionising radiation (alpha, beta, gamma, X-ray), non-ionising 

radiation (electric fields, infrared, microwave, magnetic fields, radio frequency, static electricity), noise (including 

infrasound, ultrasound), vibration (hand-arm, whole-body), electromagnetic radiation (ultraviolet, visible, 

microwave - including lasers at all operating frequencies), high/low pressures (compressed gases, vacuums, etc.), 

high/low temperatures (furnaces/ovens, oil baths, heating mantles, open flames, hotplates, heat guns, autoclaves, 

refrigerators and freezers, cryogenics), centrifuges, glove boxes, rotary evaporators, stirring and mixing devices, 

etc. The steps taken to minimize risks include the use of appropriate personal protective equipment and use of 

standard operating procedures usually provided by the research director. 

 

Include in the table below all physical hazards (if there are no physical hazards for your project, enter “None” in 

the first cell). 

 

Equipment Hazard 

Personal 

Protective 

Equipment 

Standard 

Operating 

Procedure 

None    

    

    

    

    

    

 

Abbreviations used for personal protective equipment are: G = goggles, G&S = goggles and face shield, LC = lab 

coat, LC&A = lab coat and apron, and H = vented hood. Abbreviations used for types of gloves are: R = rubber, 

PVC = Polyvinyl chloride, BV = butyl viton, Nit = nitrile, Neo = neoprene. For Standard Operating Procedure 

"RD" indicates that it was provided by research director. Citations (author, year) are given for other sources of 

SOP. 
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Biological Hazards 

 

Assessment includes hazards associated with microorganisms, fungi, viruses or toxins (from a biological source) 

that can enter a human body by way of inhalation, ingestion, skin or eye contact, transmission by laboratory 

animal bites or stings, or accidental injection. The steps taken to minimize risks include the use of appropriate 

personal protective equipment and use of standard operating procedures usually provided by the research director. 

 

Include in the table below all biological hazards (if there are no biological hazards for your project, enter “None” 

in the first cell). 

 

Biological 

Entity 
Hazard 

Personal 

Protective 

Equipment 

Standard 

Operating 

Procedure 

SLE Patient Serum BSL2 G&S, LC, H, N RD 

Val-1205 BSL2 G&S, LC, H, N RD 

Calf thymus DNA BSL2 G&S, LC, H, N RD 

Horse radish peroxidase 

secondary antibody 

BSL2 G&S, LC, H, N RD 

Tris HCl BSL2 G&S, LC, H, N RD 

PBS BSL2 G&S, LC, H, N RD 

 

Abbreviations used for personal protective equipment are: G = goggles, G&S = goggles and face shield, LC = lab 

coat, LC&A = lab coat and apron, and H = vented hood. Abbreviations used for types of gloves are: R = rubber, 

PVC = Polyvinyl chloride, BV = butyl viton, Nit = nitrile, Neo = neoprene. For Standard Operating Procedure 

"RD" indicates that it was provided by research director. Citations (author, year) are given for other sources of 

SOP. 
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8. APPENDIX B: TERMS and ACRONYMS 
Acronyms 

SLE – systemic lupus erythematosus 

ICs – Immune complex 

MAb – Monoclonal antibody 

ELISA – Enzyme linked immunosorbent assay 

Ag-Ab – Antigen- Antibody 

DNA – Deoxyribonucleic acid 

CTDNA – Calf thymus DNA 

ssDNA – single stranded DNA 

dsDNA – double stranded DNA 

ANA – antinuclear antibodies 

MPs – microparticles 

CLIFT - Crithidia luciliae immunofluorescence test  

HRP – Horse radish peroxidase 

SSC - Saline Sodium Citrate 

UPW – ultra pure water 

BSA – bovine serum albumin 

EDB – ELISA dilution buffer 

 Terms 

Affinity –  how strong the bond between an anitbody and antigen is 

Avidity – the overall binding strength between an antibody and antigen 

Antigen – immune response stimulating molecules  

Antibody – Y shaped protein produced by B cells in response to an antigen 

Epitope – The part of the antigen molecule which is bound to an antibody 

Antigenicity – capacity to bind 

Immunopathogenesis – progression of disease due to immune response 

Thermostability – the ability to maintain its structure at high temperatures 

Bendability – the ability to bend the conformation 

B–Z transition – the ability to switch from a B conformation to a Z conformation 


