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Figure 6.4: Albumin 594 and ConA 594 Conjugated Plastic U-Bent Fibers. Images were 

taken at 2X magnification. A) Albumin coating of fiber apex, B) Albumin coating 

showing end of chemistry, C) ConA coating of fiber apex, D) ConA coating showing end 

of chemistry.  

 Since both the plastic and glass fibers were successful conjugated with ConA and 

albumin, the plastic fibers were used for testing with bacteria. The plastic fibers are easier 

to work with and more affordable to produce. The results obtained for E. coli are shown in 

Figure 6.5. The results are shown for each group tested with the signal obtained for each 

one reported as a voltage change. A higher voltage change indicates increased pathogen 

binding. It is evident that there are statistically significant differences (using Student’s t-

test with α=0.05) between several of the groups, and this can be used to identify the 

presence of E. coli. Additionally, the signal obtained from the sensor remained stable 

Albumin 594

ConA 594

A) B)

C) D)
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during the entire time of submersion in the test solution. Furthermore, significant 

differences were observed between several groups for cyanobacteria as well. Thus, this 

optical fiber based sensor with lectin conjugated plastic fibers is promising for pathogen 

detection. Additionally, this sensor is easy to use, affordable, and provides rapid detection.  

 

Figure 6.5: Plastic U-Bent Fibers Testing with E. coli. Significant differences are 

indicated by *.  

 Therefore, it is proposed that future work focus on testing and improving this 

optical fiber based sensor. Similar to the resistive sensor, this sensor relies on lectins and 

carbodiimide chemistry to bind to pathogens; however, the optical detection method is 

more robust and consistent. In the future, additional modifications should be made, such as 

identifying appropriate control fibers for comparison, since it appears that bacteria binds 

to the albumin coated fibers. Additionally, further work should be done to determine if 

there is any way to differentiate between harmful E. coli, such as strain O157:H7, and 
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harmless E. coli, such as strain K-12, which was used for our testing. The lectin ConA was 

extensively used throughout this study. However, this lectin binds to many different types 

of pathogens8,9, as this protein binds to glucose and mannose groups10, which are present 

on the surface of many bacteria. Thus, in the future, other lectin and pathogen combinations 

should be explored to determine the ideal lectin arrays for definitively identifying a 

particular microbial contaminant. Testing with a wide variety of lectins will allow the 

research group to identify a pathogen in an unknown sample with high specificity. Finally, 

for cyanobacteria, there is particular interest in the detection of endotoxins originating from 

cyanobacteria, since these toxins are increasingly becoming a water management and 

public health concern11. Three major cyanotoxins that are routinely monitored are: 

microcystin, saxitoxin, and cylindrospermopsin12. Currently, these toxins are monitored 

using complex and costly methods, such ELISA and LC/MS12. Thus, in the future, 

experiments should be conducted to determine if our lectin-based sensor could be used to 

specifically detect the levels of endotoxins. Additionally, testing with types of 

cyanobacteria that release endotoxins, such Microcystis aeruginosa11, should be 

performed. Thus, based on the promising results obtained with the optical fiber sensor, 

there are several different future directions for this lectin-based sensor project.   
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Appendix A 

Lectin EDC/Sulfo-NHS Conjugation to Gold/Platinum Coated Silicon Wafers Protocol 

1. Clean gold/platinum coated silicon wafers with 70% ethanol. 

2. Dissolve 3-amino-1-propanethiol hydrochloride in 100% ethanol for a final 

concentration of 5 mM.  

a. 0.006382 grams of 3-amino-1-propanethiol hydrochloride in 10 mL of 

100% ethanol. 

b. For 5 mM solution of 11-amino-1-undecanethiol hydrochloride, add 

0.01196 grams to 10 mL of 100% ethanol.  

c. For 5 mM solution of 11-mercaptoundecanoic acid, add 0.01092 grams in 

10 mL of 100% ethanol.   

3. Keep 3-amino-1-propanethiol hydrochloride solution on gold/platinum coated 

silicon wafers for 10 minutes and then rinse gently with 100% ethanol.  

4. Add lectin/protein/sugar of choice to phosphate buffered saline (PBS) at a 

concentration of 1-10 mg/mL.  

a. For 10 mg/mL concentration of protein, add 0.05 grams of protein in 5 mL 

of PBS. 

5. Add bovine serum albumin (BSA) to separate tube of PBS at the same 

concentration as the above protein of choice (1-10 mg/mL) to serve as a control 

a. For 10 mg/mL concentration of BSA, add 0.05 grams of BSA in 5 mL of 

PBS. 
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6. Add EDC (0.05 M) and sulfo-NHS  (5 mM) to each 5 mL solution of protein 

dissolved in PBS  

a. For 5 mL solution, add 0.04793 grams of EDC.  

b. For 5 mL solution, add 0.01639 grams of sulfo-NHS.  

c. To make 10X stock solution of EDC-sulfo-NHS, add 0.4793 grams of EDC 

and 0.1629 grams of sulfo-NHS to 5 mL of PBS. Add 0.5 mL of 10X EDC-

sulfo-NHS stock solution to 5 mL PBS solution containing protein (made 

in steps 3 and 4).  

7. Add the solution containing the protein you wish to bind to the surface of the 

gold/platinum wafer and EDC-sulfo-NHS to the surface of the gold wafer.  

8. Allow the reaction to occur at room temperature for 2 hours.  

9. After two hours, store the gold wafers in PBS at 4°C for later use.  
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Appendix B 

Media Preparation and Bacteria Culturing 

To make Tryptic Soy Broth (TSB) and Inoculate with Bacteria: 

1. Add 3g of TSB powder per 100 mL of DI water (3% TSB). 

2. After mixing with stir bar on hot plate, autoclave to sterilize.  

3. After removing from autoclave, wait 5-10 minutes for broth to cool.  

4. Use inoculating loop to pick up bacteria and rapidly swirl inoculating loop with 

bacteria in TSB.  

 

To make Tryptic Soy Agar (TSA) Plates and Streak with Bacteria: 

Composition of each plate should be 3% TSB and 1.5% agar.  Each plate uses 30 mL of 

TSA total, and this recipe is for one TSA plate. 

1. Add stir bar to Erlenmeyer flask.  

2. Add 30 mL of DI water, 0.9 g of TSB powder, and 0.45 g of agar to Erlenmeyer 

flask. 

3. Cover flask with aluminum foil and place autoclave tape on sides.  

4. Heat to dissolve agar and TSB on hot plate while stirring. 

5. Autoclave. 

6. Pour agar into petri dishes under sterile hood.  The agar should be about where 

the lip of the lid is when closed (approximately 30 mL per petri dish).  

7. Allow the plates to sit open in the hood to dry for no more than 5 minutes. 

8. Close the plates and leave out on counter at room temperature for 24 hours. 
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9. Invert the TSA plates and place in the fridge at 4 °C until ready to inoculate. 

Plates can be stored for up to one month.  

10. Bacteria should be streaked under sterile conditions in a sterile hood.  

11. Using a sterile inoculating loop, touch bacteria to be cultured.  

12. Spread the bacteria over a section of the TSA plate, shown in Figure B.1.  

13. Using a fresh inoculating loop, drag through first streak to create second streak 

on second portion of the TSA plate.  

14. Using another fresh inoculating loop, drag the loop through the second streak 

to produce a third streak on a third portion of the TSA plate.  

15. Using a fourth and last inoculating loop, drag the loop through the third streak 

to create a fourth streak in the last quadrant of the place. This is where isolated 

colonies of bacteria will form.   
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Figure B.1: Streaking Pattern for E. coli on TSA Plate 

To make BG-11 Agar Slants: 

The composition of each slant is 1.5% agar to BG-11.  Approximately 10 mL of BG-11 

agar is placed in each slant 

1. Add 10 mL of BG-11 and 0.15 g of agar in glass tube for slant.

2. Heat on hot plate to melt agar.

3. Place foil over top of glass tube and autoclave tape.

4. Autoclave.
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5. After autoclaving, place glass tubes in slanted position in order to produce 

slants.  

6. Leave slants at room temperature for 24 hours. 

7. Place in the fridge at 4 °C until ready to inoculate. Slants can be stored for up 

to one month.  

8. Inoculate slant using inoculating loop.  

9. Place bacteria on inoculating loop and streak on slant in a zigzag pattern.  

10. A. variabilis grows at room temperature with 12 hours of light and 12 hours of 

darkness.  

 
 

 

 
 


