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Figure 3.3. Binding of 2.0 µg FAP-P to FN-coated wells at 25oC and 37oC were compared by 

Student’s T test. The asterisk indicates a significant difference (P ≤ 0.0003) between 37oC and 

25oC.  
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Figure 3.4: Effect of microplate type on FN binding. This assay was conducted on a white 96-

well microtiter plate and a black 96-well microtiter plate and treated with intact FN overnight.  

Control peptides and FAP-P peptides were incubated in in FN-coated wells in either black or 

white microtiter plates at 37oC for 30 minutes. The asterisk indicates a significant difference (P ≤ 

0.001) between 2.0 µg FAP-P peptide in FN-coated wells in white microtiter plates and other 

treatments. 
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Figure 3.5: Effect of incubation time on FN binding. White 96-well microtiter plates were treated 

with intact FN overnight. Control peptides and FAP-P peptides were both incubated at 37oC for 30 

minutes or 60 minutes in FN-coated wells. An asterisk indicates a significant difference (P ≤ 0.001) 

between 2.0 µg FAP-P peptide in FN-coated wells incubated for 60 minutes and other treatments. 
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Figure 3.6. Binding of 2.0 µg FAP-P to FN at 30 minutes and 60 minutes incubation were 

compared by Student’s T test. The asterisk indicates a significant difference (P ≤ 0.0001) between 

60 minutes and 30 minutes. 
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Figure 3.7: FAP-P dose response curve on FN binding. Positive conditions of the FN binding 

assay were used to determine FAP-P dose effect of binding to FN. White 96-well microtiter 

plates were treated with intact FN overnight. Control peptides (CP) and FAP-P peptides at 0.2 

µg, 1.0 µg, 2.0 µg and 4.0 µg were incubated at 37oC for 60 minutes in FN-coated wells. CP is not 

significant at R2 = 0.04 and FAP-P is significant at R2=0.72.  
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Chapter 4: Discussion 

The long-term goal of our research plan is to reduce the incidence of Johne’s 

disease. The intermediate goal is to identify the region of FN that is recognized and 

bound by FAP-P, as this is not yet known (7). To achieve this, it is necessary to develop 

an effective assay to measure FAP-P binding to FN.  

As part of this optimization, we considered specificity of binding, temperature, 

time, microtiter plate type, and a probe dose response. A previous attempt to develop a 

colorimetric FN binding assay was hampered by very low signal-to-noise ratios (Breland 

and Secott, unpublished data). We therefore chose to use chemiluminescence because of 

the high sensitivity afforded by chemiluminescence detection (55, 56). In this 

investigation, we confirmed that FAP-P peptide binds specifically to intact FN. Lastly, 

we determined that by using white microtiter plates we were able to obtain increased FN 

binding signal as compared to that seen with black microtiter plates. Furthermore, we 

observed greater binding when probes were incubated at 37oC for 60 minutes. In 

addition, we were able to demonstrate that binding of FN by FAP-P increases with 

increased concentration of FAP-P peptides. Overall, we produced an enzyme-linked FN 

binding assay with a high signal-to-noise ratio and high sensitivity. 

A previous investigation reported that MAP invades intestinal tissue through the 

binding of the MAP protein FAP-P to fibronectin (FN). This binding is facilitated by 

integrins expressed on the luminal surface of M cells. The purpose of this investigation 

was to take an in vivo phenomenon such as FN binding by FAP-P and create an in vitro 

system where this interaction between FAP-P and FN can be more closely examined and 
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defined. To the best of our knowledge, this investigation is the first of its kind to measure 

FAP-P binding to FN.  

In this investigation, we determined that the FAP-P peptide binds specifically to 

FN. The apparent background signal for controls does not reflect non-specific probe 

binding, because the same results were realized with BSA which did not have a biotin 

label. Thus, the background signal more than likely reflects horseradish peroxidase 

(HRP)-Neutravidin binding to the ligands other than biotin. In addition, HRP-Neutravidin 

seemed to have bound FN-coated wells more readily than BSA-coated wells. Neutravidin 

is known to have fewer non-specific interactions than streptavidin and avidin (57). 

Avidin has a very high affinity for biotin and as such may bind to other proteins as biotin 

is found in mammalian cells (57). Streptavidin, on the other hand, has a peptide sequence 

(RYD) that resembles the binding sequence (RGD) of fibronectin (57). Consequently, 

this may have led to much of the background signal seen with this assay (57).  

Temperature influences the activity of horseradish peroxidase (HRP) (58). An 

investigation of HRP-antibody conjugate activity showed that the signal reaches its 

plateau relatively early at 37oC, whereas at 25 oC, the HRP signal continues to develop 

for several hours. Nevertheless, signal development occurred at the same rate for both 

temperatures (58). It is also possible that the higher temperature may have an influence 

on the conformation of the FAP-P peptide, which resulted in a stronger signal (58). 

Additionally, while the FAP-P peptide was positively charged (+2) and the 

control peptide was neutral (59), background signal was greater for FN-coated wells than 

for BSA-coated wells regardless of the probe used. At neutral pH (PBST), HRP-
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Neutravidin is slightly negative, with an isoelectric point (pI) = 6.3; FN is more negative 

(pI = 5.5-6) than HRP-Neutravidin and BSA very negatively charged (pI=4.8) (60). The 

differences in isoelectric points may explain why unspecific binding was observed in FN-

coated wells than in BSA-coated wells.  

This investigation determined that FN binding to FAP-P peptide was greater at 

37oC. This temperature is a commonly used temperature to conduct immunoassays 

relating to warm-blooded animals. We sought to observe binding of FAP-P to FN at this 

same temperature and at room temperature (25oC); however, that goal was confounded 

by a simultaneous change in pH of the peptide diluent buffers we used. At the onset of 

this investigation, the probes were diluted using PBST (pH 7.4) for the 25oC FN binding 

assay. However, it has been demonstrated that the binding of FN by MAP is activated by 

passage through an acidic environment in the ruminant digestive tract (7, 37). Secott, et 

al. found that FN binding by the intact organism is best observed when the organism is 

exposed to an acidic environment. As such, we proceeded to conduct our 37oC FN 

binding assay with probes diluted using ANT buffer (pH 6). Given that assays run at 

37oC in ANT buffer produced greater signal, this observation could support the 

conclusion that in vitro binding of FN by FAP-P, is influenced by pH.  

However, Secott et al noted that at neutral pH, the crucial FN-binding residues 

273RWFV276 within the FAP-P peptide have a net positive charge that would be unaltered 

in an acidic environment (7). Thus, the choice of probing buffer used in this assay may 

have had little effect on the binding of the probe. As such, what we observed is believed 

to be a temperature effect rather than a pH effect. Nevertheless, these experiments should 
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be repeated at 25oC using ANT buffer-treated probes. While increased temperature would 

be expected to increase the frequency of intermolecular collisions, it may also have 

improved the stability of the FN-FAP-P interaction. 

We realized higher FN binding signal with white microtiter plates than with black 

microtiter plates. Black objects tend to absorb all light wavelengths and reflect none, 

whereas white objects tend to reflect all light wavelengths and absorb none. For 

luminescence and fluorescence immunoassays, white and black 96-well microtiter plates 

respectively are usually recommended (61). However, phosphorescence (emission of 

light by a substance from stored energy) associated with the white microtiter plates can 

result in higher background signal (62). As a result, the choice of microtiter plate type 

should be based on experimental evidence. Our findings revealed that the use of white 

96-well microtiter plates resulted in a 10-fold increase in FN binding signal by the FAP-P 

peptide over that seen for black 96-well microtiter plates. Regardless of the plate type used, 

it is critical that luminescence assays be protected from light and white microtiter plate 

are more susceptible to light interference (61–64).  

For this study, we attempted to increase the signal by increasing probe incubation 

time. We detected greater binding between FAP-P and FN with increased (60 minutes) 

probing time as compared to that seen at 30 minutes. The observation that a doubling of 

the binding time resulted in a nearly 3-fold increase in signal suggests that the FAP-P-FN 

interaction is not simply a first order reaction. We have not established the time necessary 

for FAP-P-FN binding to reach equilibrium (65). Additional experiments using longer 

probing times will be necessary to optimize the timing of this step. 
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Ratliff et al established that in vitro binding of Mycobacterium bovis (BCG) to 

FN-coated surfaces occurred in a dose-dependent manner with purified fibronectin (54). 

We sought to determine the concentration of test peptide required to detect a positive FN 

binding response in Johne’s disease. Increased FAP-P peptide concentration lead to 

increased FN binding. We did not manipulate the coating protein concentration. As such, 

we showed that FAP-P binds to FN in a dose-dependent manner. Therefore, this FN 

binding assay could be used in a quantitative format. In addition, we have not determined 

the maximum dose of the FAP-P peptide to bind intact FN. Thus, we need to determine 

the linear range of this FN binding assay. 

One of the difficulties encountered in this investigation involved the source of our 

soluble fibronectin. The FN solutions used in this investigation were purchased several 

times from three suppliers. This was due to the protein solution becoming unstable and 

polymerizing in storage, preventing even distribution into microplate wells. 

Consequently, the results of our assay varied in earlier trials. The last batch was 

lyophilized in Tris buffer. After reconstitution in sterile water according to manufacturer 

instructions, the solution had to be stored for one week at 4oC to be completely dissolved. 

We then stored this in single use aliquots at -20 oC. This approach enabled us to realize 

more consistent results.  

We used synthesized FAP-P peptides to probe FN instead of using intact MAP 

cells in culture. The reason for avoiding intact MAP was to eliminate problems arising 

from MAP culture contamination. Further, the use of intact MAP would have meant that 

MAP-FN interaction would not be limited to FAP-P, as MAP expresses several FN 
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binding proteins (7). Finally, due to the slow-growing nature of MAP, it would have 

taken considerably longer to conduct this series of experiments. 

The outcome of this investigation will allow for the FN region that is recognized 

and bound by FAP-P to be identified. To do so, researchers would have to first conduct 

proteolytic cleavage of FN, purify the FN fragments by electroelution, coat white 

microtiter plates with purified FN fragments, and finally probe with biotinylated FAP-P 

peptide to identify the region of FN to which FAP-P binds. 

 The FN binding assay could be further refined by examining the effects of 

conjugate concentration on assay signal and specificity. We could also incorporate a 

second blocking step between probing and addition of conjugate, to further reduce 

background noise.  

 Another goal enabled by this research will be to determine if FAP-P recognizes a 

linear epitope of fibronectin rather than a conformational epitope of fibronectin. This 

information could lead to the synthesis of a peptide/protein that could be added to 

colostrum and used as a milk replacer for calves. This synthesized peptide would behave 

as a FAP-P competitor to minimize binding of MAP to fibronectin.  

 The data presented in this thesis described the optimization of an assay to detect 

FN binding using a chemiluminescence probe which will be useful for identifying the 

binding domain on FN by FAP-P. This is an essential component in the design of a 

peptide to inhibit MAP binding to bovine intestinal epithelial cells. As such, the results of 

this investigation will likely lead to a reduction in the incidence of Johne’s disease, 
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increasing the profitability of dairy farming while preserving the supply of safe, 

affordable dairy products for the consumers. 
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