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Chapter 2.  Immunoprecipitation Assays 
Introduction 

 

One of the prerequisites for studying and characterizing a recombinant protein is 

the development of a good quantitative assay.  An ideal assay is sensitive, specific, 

precise, rapid, and inexpensive.  The purpose of this study was to develop an assay for 

quantifying recombinant human Factor VIII (rhFVIII) expressed in the milk of transgenic 

swine.  Alternatively, a conventional assay which has been developed for FVIII in human 

plasma may be chosen.  Enzymatic assays can be used but are problematic because of the 

unknown state of the rhFVIII in milk.   

Factor VIII is inherently unstable and one of the goals of this work was to study 

rhFVIII under various conditions which would be present in purification processes used 

to isolate rhFVIII.  Simple protein staining assays based upon electrophoretic mobility 

were also ruled out because of the complexity of the subcomponent structure of Factor 

VIII in combination with the presence of milk proteins with nearly identical 

electrophoretic mobility.  Thus, these salient features of our system containing FVIII led 

us to work on an immunologically based assay.   

Immunoprecipitation techniques depend upon the interactions between an antigen 

and a heterogeneous population of antibodies specific to that antigen.  Each individual 

antibody has two antigen-binding sites which are specific to the same epitope on the 

antigen.  An epitope is a site on the antigen that is recognized by the antibody.  These 

epitopes can be found in the primary structure as well as resulting from the features 

created by protein folding.  Each leg of the antibody recognizes the same epitope but 

different antibody populations recognize different epitopes.  It is this heterogeneous 

antibody population that interacts with the antigen and creates the precipitate.  Each 

antibody is theoretically capable of binding to at least 2 different antigens.  Each antigen 

can accommodate more than one antibody.  These interactions, over time, serve to create 

a very high molecular weight protein “knot”. 

The most commonly used immunological assays are the Enzyme Linked 

Immunosorbent Assay (ELISA) and the Western Blot.  ELISAs were deemed unsuitable 

because of the cost required to attain the necessary sensitivity.  ELISAs with the required 
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sensitivity cost $200 per plate with one plate needed per assay.  Western Blots can be 

used but the limited number of samples and their time intensive nature make them less 

than ideal.  These blots require densitometric analysis which introduces complex data 

analysis because of the inexact boundaries formed by the sample bands that must be 

selected visually.  Western blots also suffer from variability in the antigenic profile of 

different samples requiring many control samples to delineate these effects.  In particular 

transgenically produced FVIII can differ markedly from human FVIII because of 

different glycosylation patterns and other small variations in protein structure.  However, 

our studies show that western blots yield the best overall results despite their limitations. 

We describe below several different more classical immunochemical assays for 

quantifying FVIII.  These included rocket immunoelectrophoresis, coupled rocket 

immunoelectrophoresis, crossed plate immunophoresis, and spot immunoprecipitate 

assays.  All of these techniques can be categorized as immunoprecipitation techniques.  

Various conditions were explored with these techniques but the results were less than 

desirable. 

 The scientific literature has very little information on non-activity-based assays 

for hFVIII.  The few non-activity-based assays discussed consist of ELISAs and Western 

Blots.  In light of my work, I believe this lack of information is due to an inability to 

develop quantitative assays for Factor VIII based upon immunoprecipitation.   

 Cross plates have been used successfully to qualitatively analyze the multimeric 

distribution of hFVIII-related antigen.i  By using high percentage agarose solutions, they 

were able to take advantage of molecular sieving effects and visually differentiate normal 

plasma from that seen in individuals with von Willebrand’s Disease.  Their gels have the 

same smeary appearance as those presented in this work but for the needs of their work, 

the results are sufficient.  Crossed immunoelectrophoresis has also been modified for 

quantitative purposes to study the compositions of human serum.ii  By using antisera 

raised to complicated mixtures, they were able to specifically precipitate everything and 

quantitate amounts by measuring precipitation areas. 

 Wadsworth invented SIA as a means to quickly quantify the amounts of various 

serum proteins.iii  Specifically, he has used it to quantify C-reactive protein in pediatric 
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sera.iv  A related technique, also invented by Wadsworth, allows quantifying the total 

amount of protein in a sample loaded in agarose. v 
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Methods and Materials 

 

Rocket and Coupled Rocket Immmunoelectrophoresis 

 Rockets are a technique in which proteins are electrophoresed through an agarose 

gel that contains antibody specific to the protein of interest.  The pH of the gel is adjusted 

such that the electrophoretic mobility of the antibody is much less than that of the protein 

of interest.  In this way, the antibodies are essentially stationary while the proteins in the 

sample itself are able to migrate into the antibodies. 

 Low EEO agarose was dissolved with heating in 2.5 mM Tris / 19.2 mM Glycine 

/ pH 8.3 (gel buffer).  The agarose was allowed to cool to approximately 50 ° C in a 

heated water bath and antibody was added.  The solution was mixed by gentle inversion, 

poured onto a glass plate, and allowed to cool.  After cooling, sample wells were cut into 

the agarose about 1 cm away from the gel edge using a gel punch.  The gel was placed in 

a flat bed electrophoresis unit and the buffer wells were filled with gel buffer.  The gel 

was connected to the buffer wells using filter paper wetted with gel buffer.  Constant 

volumes of samples were then loaded in the sample wells.  All sample dilutions were 

done in the gel buffer.  In the case of coupled rockets, the samples were incubated with 

antibody specific to the sample to allow complexes to form prior to loading in the gel.  

After the samples were loaded, a constant voltage electrical field was applied to the gel 

and the gel run for a period of time to allow the samples to interact with the antibody in 

the agarose matrix.  After electrophoresing, the gel was dried by first wetting the wells 

with DI H2O and then placing filter paper covered by paper towels on top of it.  A 1-kg 

weight was placed on top of the stack and the gel was allowed to dry by capillary action 

for 20 minutes.  The gel was soaked in gel buffer for 30 minutes and press dried two 

more times.  The gel was dried and rewet once more.  The gel was then stained using 

either a peroxidase color reaction or protein stain.  After staining, the gel was dried 

completely using capillary drying followed by forced convective drying.  At this point, 

the gel was scanned in for analysis with quantitation done via densitometry. 

 

Rockets that used the Cedarlane Sheep anti-FVIII Antibody 

Rocket 1 
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 6.5 µL of Sheep anti-human FVIII (Cedarlane CL20035A) at a concentration of 

20 µg / µL was mixed with 8 mL of 0.75% agarose.  Seven duplicate 10 µL 2-fold serial 

dilutions of Human FVIII from Red Cross (Human Anti-hemophilic Factor Method M 

Monoclonal Purified) were loaded into the gel and the gel was run for 2 hours at a 

constant voltage of 10 V / cm of gel width.  Initial FVIII concentration was 0.06 mg / 

mL.  After drying, the gel was stained with Novex Colloidal Blue Staining Solution. 

 

Rocket 2 

 Procedure was as in Rocket 1 except that 1% agarose was used, 1% SDS was 

included in the gel buffer, and the gel was run for 4 hours. 

 

Rocket 3 

 Procedure was as in Rocket 1 except that 1% agarose was used, 7 M Urea was 

included in the gel buffer, and the gel was run for 4 hours. 

 

Rockets that used the Nordic Immunological Rabbit anti-FVIII Precipitating Antibody 

Rocket 4 

 50 µL of Precipitating Rabbit anti-human FVIII (Nordic Immunological)  at a 

concentration of 10 µg / µL was mixed with 4.3 mL of 1% agarose.  Four 10 µL 2-fold 

serial dilutions of Human FVIII from Red Cross (Human Anti-hemophilic Factor Method 

M Monoclonal Purified) in gel buffer were loaded into the gel and the gel was run 

overnight at a constant voltage of 2.5 V / cm of gel width. Initial FVIII concentration was 

0.06 mg / mL.  After drying, the gel was stained with Novex Colloidal Blue Staining 

Solution. 

 

Rocket 5 

 Procedure was as in Rocket 4 except that 3% agarose was used, bromophenol blue 

diluted in gel buffer was loaded on the end lanes for use as a tracking dye, and the gel 

was run for twice as long as it took the tracking dye to reach the end of the plate at 5 V / 

cm of gel width. 

 



 

 18 

Rocket 6 

 Procedure was as in Rocket 4 except that 10 µL of Precipitating Rabbit antibody 

was mixed with the agarose, bromophenol blue was diluted in gel buffer for use as a 

tracking dye, and the gel was for twice as long as it took the tracking dye to reach the end 

of the plate at a constant voltage of 5 V / cm of gel width. 

 

Rocket 7 

 Procedure was as in Rocket 4 except that 20 µL of Precipitating Rabbit antibody 

was mixed with the agarose, bromophenol blue diluted in gel buffer for use as a tracking 

dye, and the gel was for twice as long as it took the tracking dye to reach the end of the 

plate at a constant voltage of 5 V / cm of gel width. 

 

Rocket 8 

 Procedure was as in Rocket 4 except that no antibody was mixed with the 

agarose, bromophenol blue diluted in gel buffer for use as a tracking dye, and the gel was 

run until the tracking dye reached the end of the plate at a constant voltage of 10 V / cm 

of gel width. 

 

Rockets performed on fractions from DEAE Processing of hFVIII from ARC 

Rocket 9 

 50 µL of Precipitating Rabbit anti-human FVIII (Nordic Immunological) at a 

concentration of 10 µg / µL was mixed with 4.3 mL of 1% agarose.  Six fractions from a 

DEAE column were loaded into the gel and the gel was run for four hours at a constant 

voltage of 10 V / cm of gel width. After drying, the gel was stained with Novex Colloidal 

Blue Staining Solution. 

 

Rocket 10 

 Procedure was as in Rocket 9 except that no antibody was mixed with the 

agarose. 

 

Crossed Immunoelectrophoresis (Crossed Plates) 
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First Dimension 

Low EEO agarose was dissolved with heating in 2.5 mM Tris / 19.2 mM Glycine 

/ pH 8.3 (Gel buffer).  The agarose was allowed to cool to approximately 50 ° C in a 

heated water bath.  The solution (4.3 mL) was poured onto a glass plate and allowed to 

cool.  After cooling, a sample well was cut into the agarose about 1 cm away from the gel 

edge using a gel punch.  The gel was placed in a flat bed electrophoresis unit and the 

buffer wells are filled with Gel buffer.  The gel was connected to the buffer wells using 

filter paper wetted with Gel buffer.  After the sample was loaded, a constant voltage 

electrical field was applied to the gel and the gel was run for a period of time to allow the 

sample to move through the agarose matrix.  The gel away from the lane occupied by the 

sample was cut away and the second dimension of the gel was cast in the space where the 

gel was cut away. 

 

Second Dimension 

Antibody was added to a Low EEO agarose solution (3.4 mL) and mixed by 

gentle inversion.  The resulting solution was then poured onto the plate such that it 

formed a continuous layer with the antibody-free agarose and allowed to cool.  Next, the 

glass plate was placed back into the flatbed electrophoresis unit rotated 90° from its 

initial position such that the sample runs perpendicular to the first dimension into the 

antibody.  After electrophoresing, the gel was processed by first soaking the gel with DI 

H2O and then placing filter paper covered by paper towels on top of it.  A 1-kg weight 

was placed on top of the stack and the gel was pressed 20 minutes.  The gel was rewet by 

soaking it in gel buffer for 30 minutes and press drying 2 additional times.  Finally, it was 

stained using either a peroxidase color reaction or protein stain.  After staining, the gel 

was dried by forced convective drying.  At this point, the gel was scanned in for analysis 

with quantitation done via densitometry. 

 

Spot Immunoprecipitation Assay (SIA) 

Low EEO agarose was dissolved with heating in PBS buffer (50 mM Phosphate / 

100 mM NaCl / 0.01% NaN3 / 0.01% Tween 20 / pH 7.5).  The agarose was allowed to 
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cool to approximately 50° C in a heated water bath, poured onto a glass plate, and 

allowed to cool.  3 µL samples were applied to the surface of the gel and allowed to 

diffuse into the agarose matrix for 10 minutes.  All sample dilutions were done in PBS.  3 

µL of antibody solution was then applied over the samples and allowed to diffuse and 

interact for 40 minutes.  Afterwards, the gel was processed by first wetting the gel with 

DI H2O and then placing filter paper covered by paper towels on top of it.  A 1-kg weight 

was placed on top of the stack and the gel was press dried by pressing for 20 minutes.  

The gel was rewet by placing it in PBS for 30 minutes and pressed dry 2 additional times.  

Finally, it was stained using a protein stain.  After staining, the gel was dried by forced 

convective drying.  At this point, the gel was scanned in for analysis. 

 

Novex Gel Procedure 

 Gels were performed using procedure given in Invitrogen instruction manual. 

 

DEAE Column Procedure for Recovery of Non-precipitated Factor VIII 

Load 1.5 mL of Antihemophilic Factor (Human) Method M Monoclonal Purified 

(from Red Cross) on 1.5 mL of DEAE Sepharose Fast Flow.  AHF is in 55 mM histidine 

/ 30 mM glycine.  Save a sample of Starting Material.  Wash with 3 CV of Loading 

Buffer (25 mM Tris / pH 7.5).  Collect fractions.  Wash with 3 CV of Wash Buffer (25 

mM Tris / 250 mM NaCl / pH 7.5).  Collect fractions.  Elute with 3 CV of Elution Buffer 

(25 mM Tris / 500 mM NaCl / pH 7.5).  Collect fractions.  Wash packing with 3 CV of 1 

M NaCl and save fractions followed by 3 CV of 0.5 M NaOH and put column back in 

loading buffer.  Measure OD 280 nm of all samples and run gels to allow mass balance 

analysis. 

 

Western Procedure 

Transfer to proteins from gel to membrane using established protocol as stated in 

the Novex instruction manual.  Transfer membrane to Blocking Buffer (25 mM Tris / 50 

mM NaCl / 0.05% Tween-20 / 0.5% Casein) for 1 hour.  Put membrane in 1:1000 

dilution of Sheep Anti-Human Factor VIII in Blocking Buffer for 1 hour.  Wash 

membrane 3 X 5 mins with TBST (25 mM Tris / 50 mM NaCl / 0.05% Tween-20).  Put 
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membrane in 1:1000 dilution of Donkey Anti-Sheep HRP in Blocking Buffer for 1 hour.  

Wash membrane 3 X 5 mins with TBST (25 mM Tris / 50 mM NaCl / 0.05% Tween-20).  

Develop color with DAB reagent (Pierce). 
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Results 

 

Rockets 

 

Figure 1 (Rocket 1)  6.5 µµµµL of Sheep anti-human FVIII (Cedarlane CL20035A) at a concentration of 

20 µµµµg / µµµµL was mixed with 8 mL of 0.75% agarose.  Seven duplicate 10 µµµµL 2-fold serial dilutions of 

Human FVIII from Red Cross (Human Anti-hemophilic Factor Method M Monoclonal Purified) 

were loaded into the gel and the gel was run for 2 hours at a constant voltage of 10 V / cm of gel 

width.  Initial FVIII concentration was 0.06 mg / mL.  After drying, the gel was stained with Novex 

Colloidal Blue Staining Solution. 

 The two left most lanes contain 10 uL of 0.06 mg/mL of human FVIII from Red 

Cross.  To the right of that are 6 sets of two duplicates each of 2-fold serial dilutions of 

the first two samples.  A dose response is clearly visible but no rockets are seen.  A 

visible signal is seen in lanes 11 and 12 indicating a sensitivity of 20 ng of total protein at 

least based upon the colloidal stain.  Stained regions are observed near the bottom of the 

gel indicating heavy precipitation in that region.  Non-precipitated proteins diffuse out of 

the matrix leaving a clear background and very low background color is observed 

towards the top of the gel indicating that the washing steps were sufficient.  Insufficient 

washing would allow the non-complexed antibodies to remain in the gel and would show 

up when the gel was stained.  Two conclusions were reached from this experiment.  The 

gel needs to be run longer to increase resolution and something must be done to prevent 

nonspecific precipitation of the samples. 
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Figure 2 (Rocket 2)  6.5 mL of Sheep anti-human FVIII (Cedarlane CL20035A) at a concentration of 

20 mg / mL was mixed with 8 mL of 1% agarose.  Seven duplicate 10 mL 2-fold serial dilutions of 

Human FVIII from Red Cross (Human Anti-hemophilic Factor Method M Monoclonal Purified) in 

gel buffer with 1% SDS were loaded into the gel and the gel was run for 4 hours at a constant voltage 

of 10 V / cm of gel width.  Initial FVIII concentration was 0.06 mg / mL.  After drying, the gel was 

stained with Novex Colloidal Blue Staining Solution. 

In this gel, samples were loaded as in the gel above and the gel was run for twice 

as long.  SDS was added to the samples to try to eliminate nonspecific precipitation.  A 

relatively uniform blue background was observed over the entire gel area but no clear 

lanes were observed where the protein should have moved through the gel.  This 

experiment indicated that the SDS succeeded in eliminating precipitatation in the sample 

itself but also prevented the hFVIII from forming precipitates with the antibody. 

 

Figure 3 (Rocket 3)  6.5 µµµµL of Sheep anti-human FVIII (Cedarlane CL20035A) at a concentration of 

20 µµµµg / µµµµL was mixed with 8 mL of 1% agarose.  Seven duplicate 10 µµµµL 2-fold serial dilutions of 

Human FVIII from Red Cross (Human Anti-hemophilic Factor Method M Monoclonal Purified) in 

gel buffer with 7 M Urea were loaded into the gel and the gel was run for 4 hours at a constant 

voltage of 10 V / cm of gel width. Initial FVIII concentration was 0.06 mg / mL.  After drying, the gel 

was stained with Novex Colloidal Blue Staining Solution. 
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 In this gel, the same sample layout was used and the gel was run was as long as 

the previous gel.  7 M urea was added to the sample prior to loading them onto the gel.  

This was done in an attempt to eliminate nonspecific precipitation while still allowing the 

antibody to recognize the hFVIII.   

 

Figure 4 (Rocket 4)  50 µµµµL of Precipitating Rabbit anti-human FVIII (Nordic Immunological)  at a 

concentration of 10 µµµµg / µµµµL was mixed with 4.3 mL of 1% agarose.  Four 10 µµµµL 2-fold serial dilutions 

of Human FVIII from Red Cross (Human Anti-hemophilic Factor Method M Monoclonal Purified) 

in gel buffer were loaded into the gel and the gel was run overnight at a constant voltage of 2.5 V / cm 

of gel width. Initial FVIII concentration was 0.06 mg / mL.  After drying, the gel was stained with 

Novex Colloidal Blue Staining Solution. 

 In this gel, the inner four lanes were loaded with 2-fold serial dilutions of hFVIII 

obtained from Red Cross.  The first lane contains a concentration of 0.06 µg / uL of 

hFVIII.  Precipitating antibody (Nordic Immunological Rabbit anti-human FVIII specific 

antisera) was used in an attempt to form antigen-antibody precipitation complexes that 

were darker and could be resolved from the non-specific precipitation.  The sample lanes 

still have a smeary appearance indicating that heavy non-antibody induced precipitation 

still exists. 
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Figure 5 (Rocket 5)  50 µµµµL of Precipitating Rabbit anti-human FVIII (Nordic Immunological)  at a 

concentration of 10 µµµµg / µµµµL was mixed with 4.3 mL of 3% agarose.  The end lanes were loaded with 

bromophenol blue diluted in gel buffer for use as a tracking dye.  Four 10 µµµµL 2-fold serial dilutions of 

Human FVIII from Red Cross (Human Anti-hemophilic Factor Method M Monoclonal Purified) in 

gel buffer were loaded into the gel and the gel was for twice as long as it took the tracking dye to 

reach the end of the plate at a constant voltage of 5 V / cm of gel width. Initial FVIII concentration 

was 0.06 mg / mL.  After drying, the gel was stained with Novex Colloidal Blue Staining Solution. 

 This gel is run with condition identical to the previous rocket except that 3% 

agarose was used.  It was hoped that the higher agarose concentration would exhibit some 

size exclusion effects that would result in a cleaner rocket.  It was theorized that the 

smeary appearance of the rocket was caused by a very heterogeneous population that was 

unable to form clean precipitate arcs.  The sample lanes still have a smeary appearance 

and the total background of the gel is higher because of the difficulty of washing non-

precipitated proteins out of the more viscous gel. 

 

Figure 6 (Rocket 6)  10 µµµµL of Precipitating Rabbit anti-human FVIII (Nordic Immunological) at a 

concentration of 10 µµµµg / µµµµL was mixed with 4.3 mL of 1% agarose.  The end lanes were loaded with 

bromophenol blue diluted in gel buffer for use as a tracking dye.  Four 10 µµµµL 2-fold serial dilutions of 

Human FVIII from Red Cross (Human Anti-hemophilic Factor Method M Monoclonal Purified) in 
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gel buffer were loaded into the gel and the gel was for twice as long as it took the tracking dye to 

reach the end of the plate at a constant voltage of 5 V / cm of gel width. Initial FVIII concentration 

was 0.06 mg / mL.  After drying, the gel was stained with Novex Colloidal Blue Staining Solution. 

 Figure 6 shows a rocket run with 10 µL of anti-FVIII precipitating antibody 

loaded into 4.3 mL of 1 % agarose.  The sample layout was as is in previous rockets.  No 

rockets were seen.  The non-specific precipitate still overwhelms any rockets that may be 

there.  It still doesn’t appear that any rockets formed. 

 

Figure 7 (Rocket 7)  20 µµµµL of Precipitating Rabbit anti-human FVIII (Nordic Immunological) at a 

concentration of 10 µµµµg / µµµµL was mixed with 4.3 mL of 1% agarose.  The end lanes were loaded with 

bromophenol blue diluted in gel buffer for use as a tracking dye.  Four 10 µµµµL 2-fold serial dilutions of 

Human FVIII from Red Cross (Human Anti-hemophilic Factor Method M Monoclonal Purified) in 

gel buffer were loaded into the gel and the gel was for twice as long as it took the tracking dye to 

reach the end of the plate at a constant voltage of 5 V / cm of gel width. Initial FVIII concentration 

was 0.06 mg / mL.  After drying, the gel was stained with Novex Colloidal Blue Staining Solution. 

 This rocket is run with the same conditions as before but with twice as much 

antibody in the agarose.  The results are similar to the previous rocket. 
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Figure 8 (Rocket 8)  4.3 mL of 1% agarose without antibody was cast on a glass plate.  The end lanes 

were loaded with bromophenol blue diluted in gel buffer for use as a tracking dye.  Four 10 µµµµL 2-fold 

serial dilutions of Human FVIII from Red Cross (Human Anti-hemophilic Factor Method M 

Monoclonal Purified) in gel buffer were loaded into the gel and the gel was run until the tracking dye 

to reached the end of the plate at a constant voltage of 10 V / cm of gel width. Initial FVIII 

concentration was 0.06 mg / mL.  After drying, the gel was stained with Novex Colloidal Blue 

Staining Solution. 

 This rocket was run without any antibody at all.  The same smeary pattern is 

present in the gel.  This gels shows that there is non-antibody-induced precipitation.  This 

gel illustrates clearly the problem with using rockets to measure hFVIII.  There is so 

much non-specific precipitation that any rockets that may form are completely masked by 

the non-specific precipitation.  Based upon this result, it was hypothesized that the Red 

Cross Factor VIII had precipitated and that it may be possible to recover non-precipitated 

material by passing the Factor VIII preparation over a DEAE column.   

 

 
Figure 9 (Rocket 9) 50 µµµµL of Precipitating Rabbit anti-human FVIII (Nordic Immunological) at a 

concentration of 10 µµµµg / µµµµL was mixed with 4.3 mL of 1% agarose.  Six fractions from a DEAE 
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column were loaded into the gel and the gel was run for four hours at a constant voltage of 10 V / cm 

of gel width. After drying, the gel was stained with Novex Colloidal Blue Staining Solution. 

 

 Figure 9 shows a rocket run on the column fractions from the DEAE Factor VIII 

column.  The fractions were collected by volume instead of optical density.  The first 

three lanes are the 25 mM Tris / 250 mM NaCl / pH 7.5 elute.  The next three lanes are 

the 25 mM Tris / 500 mM NaCl / pH 7.5 elutes.  The samples lanes still show smeary 

precipitated bands with no rockets apparent.   

 

Figure 10 (Rocket 10)  4.3 mL of 1% agarose without antibody was cast on a glass plate.  Six 

fractions from a DEAE column were loaded into the gel and the gel was run for four hours at a 

constant voltage of 10 V / cm of gel width. After drying, the gel was stained with Novex Colloidal 

Blue Staining Solution. 

 Figure 10 was run with exactly the same layout and samples as Rocket 9 without 

antibody.  This gel shows that even when Factor VIII is recovered using a DEAE column 

precipitate still forms.  A DEAE column should only bind those proteins that are in 

solution meaning that the FVIII had precipitated in the gel itself. 
 

Coupled Rocket 
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Figure 11.  Coupled Rocket performed with Red Cross FVIII and Cedarlane Sheep anti-FVIII 

antibody 
 The two end lanes were loaded with dye to monitor the progress of the run.  The 

first sample lane contained Red Cross FVIII diluted 2-fold with gel buffer.  The next lane 

had the Cedarlane Sheep anti-FVIII diluted 2-fold with gel buffer.  The last lane 

contained Red Cross FVIII mixed in equal volume ratio with Cedarlane Sheep anti-FVIII.  

This gel was run to see if anti-FVIII incubated with the Factor VIII prior to gel loading 

would produce a visible difference in the resulting gels.  The agarose itself contained 50 

µL of precipitating anti-FVIII antibody.  No clear differences are observable.  The third 

sample lane appears to simply be a superposition of the two previous lanes. 

 

SIA 

 
Figure 12.  SIA 1 

 The first sample row (easily visible) and the second sample row (only a small 

noticeable color) both contain 2-fold serial dilutions of the Red Cross FVIII with the left 

most application containing 0.06 mg / mL of FVIII (3 µL loaded).  The samples on the 

top row are overlaid with 3 µL of the precipitating anti-FVIII antibody.  A clear dose 

response is observed and little non-specific precipitation is observed in the row without 
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antibody.  This result clearly demonstrates the efficacy of the precipitating antibody and 

appears to be a promising assay. 
 

 
Figure 13.  SIA 2 

 

 This SIA had 8 columns and 3 rows.  Proceeding from left to right and from top to 

bottom, the first 6 samples are 2-fold serial dilutions of the Red Cross FVIII with the first 

sample having a concentration of 0.06 mg / mL.  These same samples are repeated in the 

next six sample locations.  Precipitating antibody was overlaid over all of these samples.  

The next 6 samples consist of Red Cross FVIII spiked into non-transgenic (NTG) pig 

whey with [FVIII] of 0.03, 0.015, 0.0075, 0.00375, 0.001875, and 0 mg / mL.  These 

samples are not overlaid with antibody.  The next 6 samples are laid out exactly like the 

previous six samples but with antibody overlaid on them.  It is seen that the NTG whey 

has heavy precipitate even in the absence of antibody.  The non-antibody-mediated 

precipitate completely overwhelms the antibody induced precipitate.   

 

Crossed Immunoelectrophoresis 
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Figure 14.  Crossed Plates 1 

 Cross immunoelectrophoresis was attempted as a means to separate the the 

proteins in the first dimension prior to exposing them to antibody with the hope that those 

proteins that precipitate would migrate differently and clean rockets would be observed.  

Figure 14 shows the first attempt at using these cross plates.  Both cross plates have 3% 

agarose in the first dimension and the first dimension was run at a constant voltage of 10 

V / cm of gel width until the market dye reached the end of the plate.  Both plates also 

had 3% agarose in the second dimension with the left plate containing 5 uL of rabbit anti-

FVIII precipitating antibody (10 ug/uL) and the right plate containing 25 uL of the same 

antibody.  The second dimension was run at a constant voltage of 1 V / cm of gel width 

overnight.  A large spot is observed in the center of both plates.  This is believed to be the 

albumin.  It was not washed out of the gel because the high agarose concentration created 

a gel that was too viscous and transport limited.  No other proteins are seen in the gel 

indicating that they are either associated with the albumin or did not precipitate and so 

were washed out.   
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Figure 15.  Crossed Plates 2 
 Based upon the results obtained in the previous cross plate experiment, cross 

plates were run again with slightly different parameters.  Three percent agarose was again 

used in the first dimension of both plates but 1% agarose was used in the second 

dimension.  The first dimension was run for twice as long as it took the tracking dye to 

reach the end of the plate.  This was done in an attempt to remove the albumin in the first 

dimension so it doesn’t interfere with the second dimension.  As before, some proteins 

were contained in the 3% agarose that weren’t washed out during the rinsing steps.  

However, in the second dimension, no precipitated protein is seen.  There is dark patch 

observed near the top of the right plate but no rocket-like patterns are observed. 
 

 

 
Figure 16.  Standard Curve using Western 

 

 Figure 16 shows a western performed with a standard curve for the determination 

of FVIII concentration for a batch DEAE experiment.  Lane 1 contains broad range 

prestained molecular weight markers obtained from Bio-Rad (5 uL loaded on gel).  Lane 

two is a blank lane.  Lane 3 contains 1.5 ng of hFVIII obtained from ARC.  Lane 4 

contains 3.0 ng of hFVIII.  Lane 5 contains 15 ng of hFVIII.  Lane 6 contains 30 ng of 

hFVIII.  Lane 7 contains 150 ng of hFVIII.  Lane 8 contains 300 ng of hFVIII.  Clear 

FVIII signals are only observed as low as the 30 ng sample.  Sensitivity with this method 

varies based upon several factors including the length of time used to transfer the gel to 

8 7 6 5 4 3 2 1 

Lane  Sample 
1 MW Markers 
2 Blank 
3 1.5 ng FVIII 
4 3.0 ng FVIII 
5 15 ng FVIII 
6 30 ng FVIII 
7 150 ng FVIII 
8 300 ng FVIII 
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the PVDF membrane, the number of times the primary antibody has been used 

previously, and presumably, the nature of other proteins contained in the sample with the 

FVIII.   

 

Discussion 

hFVIII exists as a very heterogeneous population with differences due to differing 

glycosylation patterns as well as complex proteolytic processing.  Some of this 

proteolytic processing is native to FVIII found in human plasma, while others are the 

result of degradation specific for milk proteases.  Immunoprecipitation depends upon the 

interactions of homogenous protein populations interacting with precipitating antibodies.  

In the case of hFVIII, the heterogeneity of the FVIII prevents the clean precipitation that 

is observed with other proteins.  The large molecular weight of FVIII also renders FVIII 

prone to precipitate, a characteristic that will necessarily confound any assay based upon 

precipitation.  Attempts to eliminate this non-specific precipitation using reagents like 

Urea and SDS failed by either having no visible effect on the precipitation effects or by 

denaturing the protein sufficiently that the antibody could no longer recognize it.   

We have expressed FVIII in swine milk which exposes rhFVIII to a host of 

nonspecific interactions with casein micelles which themselves tend to precipitate.  This 

non-specific precipitation is frequently greater than any precipitation caused by the 

antigen – antibody interactions and therefore makes quantitating the specific portion 

extremely difficult.   

In light of these results, it appears that westerns provide the best assay for 

rhFVIII.  They do require more time than would be ideal for an assay but they don’t 

suffer from any of the precipitation problems which plague immunoprecipitation-based 

assays.  Westerns also allow only a small number of samples to be processed 

simultaneously.  Precast gels have, at most, 15 lanes available for sample loading.  The 

outer lanes suffer from edge effects making them suboptimal for sample application.  A 

standard curve requires at least 3 data points that should be done in duplicate.  This 

leaves, at most, 7 lanes available to unknowns.  Unknown samples should also be done in 

duplicate which means that only three samples can be processed per gel / western run.  
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Despite these obvious limitations, westerns appear to be the best assay at our disposal and 

they were used with success during our rhFVIII work. 
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