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Introduction: 

Candida albicans is a common fungus which inhabits the gastrointestinal tract of 

approximately 40-60% of adults worldwide.  Although the fungus is not pathogenic in 

this environment, it may become so when its barrier is disrupted.  This can occur when 

there is no longer homeostasis between the host and the fungus.  About 46,000 cases 

of candidiasis, a fungal infection caused by candida, occur annually in the United 

States.  This infection kills 40% of the patients it infects. Furthermore, candidemia, when 

there is this particular fungus in the blood, kills 30% of humans it infects.  Lastly, 3,400 

patients suffer from symptoms in which the candida has grown resistant to drugs used 

against it, such as azoles.  Like in many patients, C. albicans can become pathogenic 

when it is able to form a biofilm which causes fungal cells to become drug resistant. 

Furthermore, I have contracted C. albicans and have felt chronic pain from the fungus, 

which has inspired this project.  

 

Background: 

Candida albicans can form biofilms when multiple planktonic fungal cells settle in 

large groups/colonies.  In the intermediate stages, the cell forms hyphae which are 

branching structures of the fungus.  In the mature stages, the biofilm forms above the 

group of fungal cells and it may also emit planktonic cells into its environment.  This 

process can be repeated to increase the area of fungal cells that have become 

resistance with the presence of a biofilm.  The extracellular matrix, the upregulation of 

efflux pumps, and the presence of persister cells are mechanisms of the biofilm that 

contribute to the Candida albicans cell resistance to antimicrobials.  

The extracellular matrix plays a vital role in preventing antifungals from entering 

the C. albicans cell by creating a barrier around the biofilm.  The cell is able to become 

extremely resistant towards drugs due to the fact that the extracellular matrix is able to 

degrade polymers rendering the antimicrobials useless.  The barrier, which is composed 

of glycoproteins (55%), polysaccharides (25%), lipids (15%), and nucleic acid (5%), 

destroys foreign objects, that attempt to enter the cell.  Furthermore, the FKS1 gene 



 
 

encodes the 1,3-β-D-glucan which creates β-glucans.  These glucans make up 

β-polysaccharides, specifically in this case polysaccharide β-1,3-glucan, that contribute 

to the cell’s drug-resistance.  The extracellular matrix and its mechanisms degrade the 

antifungals. preventing them from eliminating the cell. 

Along with the extracellular matrix, the upregulated efflux pumps also greatly 

contribute to the C. albicans’s resistance to antimicrobials.  These pumps are active 

transporters present in the cytoplasmic membrane of most cells.  They serve the 

purpose of rejecting external bacteria and viruses, but can also eject drugs from cells. 

Although the pump can exist in other cells do not form biofilms the efflux pumps are 

upregulated in biofilms.  The cells in which efflux pumps have been upregulated have 

an increased response to its stimuli, including antimicrobial drugs.  This may occur 

when the TAC1 (transcriptional activator of CDR) gene binds to a drug response 

element allowing it to activate the CDR gene.  This then creates the overexpression of 

Cdr1p/Cdr2p which encode the ABC transporters (ATP-binding cassette) leading to the 

increase of the minimum inhibitory concentration (MIC), hence contributing to the 

resistance of antifungals.   In other words, the increase of the minimum inhibitory 

concentration means there must be an increase in antimicrobials used to eliminate the 

fungus.  In addition to CDR genes, the overexpression of MDR1, the multidrug 

resistance gene, encodes Mdr1p, a facilitator transporters, which contributes to the 

upregulated efflux pumps that increases the cell’s resistance to antimicrobials. This 

gene can have increased expression when there are mutations in the MRR1, multidrug 

resistance regulator, or in the presence of Amphotericin B.  

Lastly, the persister cells act as a final barrier to antifungals if they happen to 

effectively bypass the extracellular matrix and upregulated efflux pumps.  Although 

persister cells are present even when C. albicans grows in suspension, since it is the 

cell itself, its resistance toward antimicrobials is increased with the presence of the 

biofilm.  These mutated cells, in a general sense, are more resistant to drugs since they 

are naturally slowed down yeast cells, or dormant yeast cells, with less susceptibility to 

antimicrobials.  Furthermore amino acid substitutions and increased expression in the 



 
 

ERG11 gene, also contributes to cell resistance.  This gene is targeted by the azoles, 

since it encodes lanosterol 14α-demethylase that leads to the biosynthesis of 

ergosterol, which is necessary for the survival of the cell.  The ERG3 gene heavily 

contributes to the biosynthesis of ergosterol since it encodes, which is an enzyme that 

acts as a catalyst in the process of dehydrogenation of a bond in sterol.  This is part of 

the pathway to the biosynthesis of ergosterol.  Additionally, mutated C5,6-desaturase 

can cause an increase in drug resistance.  Aneuploidy, when there are an abnormal 

amount of chromosomes in a cell, and the heterogeneity of the cell can also cause 

antimicrobial resistance.  

 

 

 

Questions: 

Biofilms greatly contribute to antifungal resistance, especially for Candida 

albicans which is able to create these barriers in the mammalian hosts.  This is possible 

due to the extracellular matrix surrounding the biofilm, the upregulation of efflux pumps 

in the biofilm, and the presence of persister cells in the biofilm.  Each aspect contributes 

separately to Candida’s resistance to antimicrobials, along with the fact that 



 
 

heterozygous cells are proven to be less weakened towards antimicrobials.  These 

cells’ genes have two different alleles which contribute to resistance.  In addition to the 

strength of C. albicans, certain antibiotics have been found to be effective in targeting 

biofilms and persister cells in fungal infections.  However, there are fewer antifungals in 

this group due to the fact that fungi are eukaryotic and therefore, more similar to human 

cells.  Although many drugs could eliminate C. albicans, one must take caution in 

making use of these drugs since they could be harmful to human cells as well. 

Medication against Candida albicans include polyene antimycotics and several different 

azoles.  

The polyene antimycotic is extracted from the Streptomyces bacteria.  The 

antifungal attaches itself to ergosterol causing spillage of Na+ and K+ ions.  This leads to 

the weakening of the cell membrane and possibly the death of the cell.  These drugs, 

specifically Amphotericin B, can also put oxidative stress on the fungal cells.  The azole 

class of antifungals blocks the synthesis of ergosterol, due to the fact that most fungal 

cells cannot live without sterol.  Furthermore, the drugs can target ergosterol, but the 

presence of the extracellular matrix, efflux pumps, and persister cells may prevent the 

drug from locating and targeting the sterol.  The azole is more effective in eliminating 

the C. albicans cells; however azoles also increase the expression of the ERG11 gene 

which allow the synthesis of ergosterol.  This process does not apply to the polyene 

antimycotics, but the drug could be more effective if the acidic environment degrades 

the persister cell.  Therefore this provokes the question of does the acidity of the growth 

media lessen Candida albicans’s resistance toward antifungals? Which antimicrobial will 

be more effective in the more acidic environment?  Will the same antimicrobial be more 

effective in a neutral environment?  Will the antifungals be more effective in suspension 

or with the presence of a biofilm? 

 

 

 

 



 
 

Hypothesis: 

I believe that when the growth media is more acidic, then the antifungals would 

more easily bypass the antifungal resistance mechanisms its.  More specifically the 

acidic environment influences the expression of ERG11, which is part of the persister 

cell.  When there is an overexpression of the ERG11 gene, with the addition of 

Clotrimazole, the cell is able to create more resistance to the antimicrobials, by 

producing more ergosterol.  With the presence of an acidic environment the ERG11 

expression is reduced, and less likely to produce ergosterol, which creates sterol that is 

necessary for the survival of the cell.  Furthermore the presence of azole antifungals 

can cause the expression of the ERG11 gene to increase, hence also increasing the 

production of ergosterol, while attempting to eliminating it.  In contrast, Amphotericin B 

does not stimulate the ERG11 gene.  However the acidic environment could degrade 

the biofilm, hence allowing the drug to be more effective. 

So if the Candida albicans media is acidic, the production of ergosterol would be 

decreased due to the lack of expression of the ERG11 gene.  Therefore the solutions 

that have a more neutral environment would have more resistance towards antifungals, 

since there is an expression of the gene.  Hence the data would indicate more fungus 

cells in the less acidic solutions.  Additionally the higher concentration of Clotrimazole 

would be less effective in eliminating the fungus cells, as the presence of the 

antimicrobial causes an overexpression of the gene, causing an increase of ergosterol. 

However high concentration of Amphotericin B would be more efficient in eliminating the 

C. albicans cells, since they do not cause an overexpression of ERG11. So the data, in 

the acidic environment, would show that the lower concentrated azole would have less 

fungus cells than the higher concentrated azole, while the higher concentrated polyene 

antimycotics be more effective than the lower concentrated drug.  In the neutral 

environment both antifungals will be more effective at a high concentration.  In 

comparison to each other, the Clotrimazole would be more efficient in eliminating the 

antifungals, since it is able to target the ERG11 gene. 

                   



 
 

Experimental Design: 

● Negative Control: The control of this experiment will be the solution of Candida 

albicans and Yeast Peptone Dextrose (YPD) broth without the addition of an 

antifungal or acid. 

● Objects being tests: Candida albicans 

● Independent variable: The amount and type of antifungals (Clotrimazole and 

Amphotericin B) and acid (Hydrochloric acid) added to the solution of Candida 

albicans and Yeast Peptone Dextrose solution. 

● Dependent variable for the suspension experiments: The absorbance level of 

each condition will be determined using a spectrophotometer.  The value will be 

converted to number of cells.  And the appearance of the Candida albicans 

colonies left in each condition after plating on YPD agar plates. 

● Dependent variable for the biofilms experiments: The mass of the fungus that 

grew on the silicon strip which will be determined by an electronic scale.  The 

mass will be converted to number of cells. 

● Quintuplicate experiments in order to see if the results are reproducible. 

 

Materials: 

Creating the Candida 

albicans culture  

Materials for suspension 

experiments 

Materials for biofilm 

experiments 

➢ Candida albicans 

➢ Yeast Peptone 

Dextrose (YPD) 

➢ 100-1000 µL 

micropipette ± 1 µL 

➢ 100-1000 µL 

micropipette tips 

➢ Candida albicans 

➢ Yeast Peptone Dextrose 

(YPD) 

➢ YPD agar plates 

➢ Amphotericin B (2.5 

mg/L) 

➢ Clotrimazole (100 mg/L) 

● Candida albicans 

● Yeast Peptone 

Dextrose (YPD) 

● Amphotericin B (2.5 

mg/L) 

● Clotrimazole (100 

mg/L) 



 
 

➢ 100 mL Graduated 

Cylinder ± 0.5 mL 

➢ 150 mL Flask 

➢ 12 hour clock ± 0.5 s 

➢ Bunsen burner 

➢ Striker 

➢ Shaker 

➢ Spectrophotometer 

➢ 2 X Cuvettes 

➢ Aluminum Foil 

 

 

➢ Hydrochloric acid (37%, 

12 M) 

➢ 9 X Test tubes 

➢ Test tube rack 

➢ 100-1000 µL 

micropipette ± 1 µL 

➢ 100-1000 µL 

micropipette tips  

➢ 10-200 µL micropipette ± 

0.1 µL 

➢ 10-200 µL micropipette 

tips 

➢ 2-20 µL micropipette ± 

0.001 µL 

➢ 2-20 µL micropipette tips 

➢ Thermometer ± 0.5 °C 

➢ 12 hour clock ± 0.5 s 

➢ Shaker 

➢ Spectrophotometer 

➢ 10 X Cuvettes 

➢ Incubator 

➢ Glass beads 

➢ Permanent marker 

 

● Hydrochloric acid 

(37%, 12 M) 

● Phosphate-Buffered 

Saline (PBS) 

● Silicon 

● 1 X 12 well dish 

● 100-1000 µL 

micropipette ± 1 µL 

● 100-1000 µL 

micropipette tips 

● 10-200 µL 

micropipette ± 0.1 µL 

● 10-200 µL 

micropipette tips 

● 2-20 µL micropipette ± 

0.01 µL 

● 2-20 µL micropipette 

tips 

● 12 hour clock ± 0.5 s 

●  Shaker 

● Electronic Scale ± 

0.001 g 

● Weigh Boat 

● Tweezers 

● Scissors 

● Permanent marker 

 

 

 



 
 

Risk Assessment: 

Hazard Control Measure 

Clotrimazole and Amphotericin B can 

cause irritation, when in contact with 

eyes. 

Goggles were worn to prevent antifungal contact with 

the eyes. 

Candida albicans and hydrochloric acid 

can be harmful in contact with skin or 

eyes. 

Goggles will be worn to prevent contact of C. albicans 

with the eyes.  Gloves and an apron will be worn to 

prevent the fungus contact with the skin.  Transfer of 

the fungus can will be performed under a fume hood. 

Disposal of Clotrimazole, Amphotericin 

B, and hydrochloric acid. 

The solutions will be poured into hazardous chemical 

waste container. 

Disposal of the Candida albicans 

solutions. 

10% Bleach will be added to the C. albicans solution, 

then the solution will be  deposited into a hazardous 

chemical container. 

Disposal of equipment in contact with 

the Candida albicans solutions. 

The equipment will be pressure cooked in an 

autoclave, then disposed in a hazardous disposal 

waste bag. 

 

Procedure: 

Creating the Candida albicans cultures: 

1. Measure 25 mL of YPD media with a graduated cylinder, then add the solution in 

150 mL flask.  Do both parts near a flame, using a striker and a bunsen burner. 

2. Using a 100-1000 µL micropipette add 1 mL of  Candida albicans into the 150 mL 

flask. 

3. Put aluminum tin foil over the flask. 



 
 

4. Place the flask on the shaker at level 6 on the shaker for 48 hours.  After shake 

the flask to mix the media with the fungus. 

5. Using a 100-1000 µL  micropipette transfer 2 mL of the solution into a cuvette 

6. Make an extra cuvette with 2 mL of the YPD broth to use as a blank 

7. Turn on the spectrophotometer and let it prepare for 15 minutes, then set the 

filter to 600-900 nm, the wavelength to 600, and the transmittance to 0 

8. Add the blank into the spectrophotometer and push it to the second stop, then 

set the transmittance to 100, which would cause the absorbance to be 0 

9. Remove the blank and add each cuvette into the spectrophotometer, then record 

the absorbance levels. 

10.Determine the amount of Candida albicans cells in the solution by using the chart 

from UC Boulder. 

11.Use proportions to determine the amount of YPD media and fungus culture to 

add to the fungus solution.  (Refer to calculations section).  Stir the solution.  Use 

the solution for the two experiments.  

 

Testing the antifungals in suspension: 

1. Get 9 test tubes and label each separately with: 2 µL AB, 2 µL Cl, 20 µL AB, 20 

µL Cl, 2 µL AB 1 µL HCl, 2 µL Cl 1 µL HCl, 20 µL AB 1 µL HCl, 20 µL Cl 1 µL 

HCl, and control.  The labels refer to the amount and type of antifungal added to 

the tube.  AB: Amphotericin B, Cl: Clotrimazole, HCl: 2 µL of hydrochloric acid, 

control: no drugs added.  

2. Add 2 mL of the YPD and fungus solution into each of the 11 test tube. 

3. Add 2 µL of hydrochloric acid to the test tubes with the HCl label. 

4. Add the correct amount of Clotrimazole/Amphotericin B to each test tube based 

on the label on each test tube. (2 µL or 20 µL). 

5. Place the 9 test tubes in a test tube rack and place onto a shaker for 48 hours at 

level 6.  Make sure the solutions do not bubble. 



 
 

6. Label the 10 cuvettes corresponding to the labels on the test tubes.  Label one 

test tube blank. 

7. Using a micropipette, transfer 2 mL of each of the solutions from the 9 test tube 

into separate cuvettes.  Add 2 mL of YPD media into the cuvette labelled blank. 

8. Turn on the spectrophotometer and let it prepare for 15 minutes, then set the 

filter to 600-900 nm, the wavelength to 600.  

9. Set transmittance to 0, then add the blank into the spectrophotometer and push 

the cuvette down to the bottom.  After, set the transmittance to 100. 

10. Remove the blank and add each cuvette into the spectrophotometer, then record 

the absorbance levels. 

11. Repeat 9-10 until all the absorbance levels have been recorded for each cuvette. 

12. Label 9 YDP agar plates and 9 microtubes like done in step 1 to the test tubes 

13. With a 10-200 µL micropipette add 95 µL of YPD to each microtube.  Then add 5 

µL of the solution in the cuvette to its corresponding microtube. 

14. Using a 10-200 µL micropipette obtain 100 µL of the solution in the microtube 

and add it to its corresponding YPD agar plate.  During the process with the plate 

remember to keep the agar covered in order to prevent contamination. 

15. Add 5-10 glass beads onto each plate and shake the plates back and forth, being 

sure to evenly spread the solution but not on the cover. 

16. Remove the glass beads then place the plate face down into an incubator for 48 

hours. 

17. Remove the plates from incubator and use a colony counter in order to determine 

the amount of colonies able to survive the conditions. 

18. Repeat the experiment five times in order to decrease random error. 

 

Testing the antifungals with biofilms: 

1. Turn on the electronic scale, and place the weight boat on the scale.  Zero the 

scale. 



 
 

2. Label each well on both well dishes with the labels: 2 µL AB, 2 µL Cl, 20 µL AB, 

20 µL Cl, 2 µL AB 1 µL HCl, 2 µL Cl 1 µL HCl, 20 µL AB 1 µL HCl, 20 µL Cl 1 µL 

HCl, and control. Note: refer to testing the antifungals in suspension step 1. 

3. Using tweezers and scissors cut the silicon into 9 small squares that can fit into a 

well in the 9 well dish, and weigh it on the scale.  Add each silicon square into a 

separate well. Record which well you put each silicon square in, with its 

corresponding weight. 

4. Add 3 mL of the YPD and Candida albicans solution to each well. 

5. Add 2 µL of hydrochloric acid to the test tubes with the HCl label. 

6. Add the correct amount of Clotrimazole/Amphotericin B to each well based on 

the label on each well. (2 µL or 20 µL). 

7. Put both well dishes on the shaker at level 6 for 48 hours.  

8. Using a 100-1000 µL micropipette remove all the liquid from all the wells. 

9. Add 3 mL of PBS to each well, then remove all the liquid from the wells. 

10. Place the well dish into the fume hood for 48 hours to ensure that the silicon is 

completely dry.  Be sure that the lid is off. 

11. Place the weigh boat on the electronic scale, then zero the scale.  

12. Using tweezers place each piece of silicon strip onto the scale.  Record its weight 

with relation to which well it was in.  

13. Subtract the weights received from step 13 with the weight received from step 3, 

in order to determine the mass of the fungus grown in each well.  

14. Repeat the experiment five times in order to decrease random error. 

 

Calculations: 

To determine amount of YPD media and fungus culture to add to the fungus solution 

1. (0.680 mol/L)(Volume of Solution Needed in mL)=(Absorbance value obtained on 

mol/L)(x) 

● Let x= volume of fungus to add to the fungus culture  

● Example: 



 
 

○ (0.680 mol/L)(75 mL)=(4.25 mol/L)(x) 

○ x= (0.680 mol/L)(75 mL)/(4.25 mol/L)= 12 mL 

2. Subtract the volume of solution needed by the volume of fungus to add to the 

fungus culture to determine the amount of YPD media to added to the fungus 

solution. 

● Example: 75 mL- 12 mL= 63 mL of YPD media. 

To determine amount of fungus cells from absorbance level 

1. Use the chart to convert the absorbance level to amount of fungus cells using the 

chart below. 



 
 

 

 

To determine amount of fungus cells from absorbance level 

1. Divide the mass on each silicon piece by 7.9 x 10-11 g/fungus cells (mass of one 

Candida albicans cell). 

● Example: 0.002 g/7.9 x 10-11 g/fungus cells= 2.53 fungus cells 

 

 



 
 

Results: 

Trial 1 (Dilution: 95 µL YPD to 5 µL of C. albicans) 

 
 

 

 

 



 
 

 



 
 

Trial 2 (Dilution: 95 µL YPD to 5 µL of C. albicans, two times) 



 
 

 



 
 



 
 



 
 

 

 



 
 

 

 

 

  



 
 

 

 

 



 
 

  

 

 
Analysis of Trial 5 Plating Data  

Trial 1 (Dilution: 95 µL YPD to 5 µL of C. albicans) 

Control Lawn.  

Amphotericin B 2 µL  Lawn.  Crystallized structure. 

Amphotericin B 2 µL with HCl Lawn.  Crystallized structure. 

Amphotericin B 20 µL Lawn.  

Amphotericin B 20 µL with HCl Lawn.  Crystallized structure. 

Clotrimazole 2 µL Lawn.  Crystallized structure. 

Clotrimazole 2 µL with HCl Lawn.  Crystallized structure. 

Clotrimazole 20 µL Lawn.  Crystallized structure. 

Clotrimazole 20 µL with HCl Lawn.  

 

Trial 2 (Dilution: 95 µL YPD to 5 µL of C. albicans, two times) 

(Have x= number of colonies with a biofilm) 



 
 

Control Small colonies. No biofilms formed. 

Amphotericin B 2 µL  Small colonies. 15≤x≤20 

Amphotericin B 2 µL with HCl Small colonies.  x≥10 

Amphotericin B 20 µL Small colonies.  5≤x≤10 

Amphotericin B 20 µL with HCl Various sizes of colonies.  Various biofilms. 

Clotrimazole 2 µL Small colonies.  No biofilms 

Clotrimazole 2 µL with HCl Small colonies.  6≤x≤10 

Clotrimazole 20 µL Small colonies.  No biofilms. 

Clotrimazole 20 µL with HCl Small colonies.  x=3  

 

Conclusion: 

In conclusion, the antifungals were more effective on Candida albicans in 

suspension, than with the presence of a biofilm. In terms of the acidity of the 

environment, the results were slightly scattered.  The first part of the project focused on 

determining the effects of the azoles and polyene antimycotics on C. albicans in 

suspension, in an environment of pH 5 or pH 6.  In this case, the fungus cells were in a 

condition that does not favor the creation of biofilms, so theoretically the drugs would 

work more efficiently.  After experimentation, it was determined that the fungus cells 

with the presence of a biofilm had a significantly larger number of C. albicans cells in 

comparison to in suspension.  This is due to the three mechanisms (the extracellular 

matrix, the upregulated efflux pumps, and the persister cell) that allow the biofilms to 

create more resistance against antimicrobials. The average of all the fungus cells 

present in the biofilm experiments was 10.022 x 10^7, while the average in the 

suspension experiments was 2.663 x 10^7.  It was also expected that the control would 

contain the highest number of Candida Albicans cells.  This was true for the suspension 

trials, where the control had 3.22 x 10^7 fungus cells; however, in the biofilm trials, the 

control had the third lowest amount of cells with 9.81 x 10^7.  This may be due to the 

fact that biofilms do not necessarily form in good conditions.  Instead biofilms form and 



 
 

mechanisms have increase expression with the presence of an antimicrobial.  This is 

also evident with the set of plates from trial 5, in which all the plates displayed a lawn, 

however with different structures.  The conditions 2 µL Amphotericin B, 20 µL 

Amphotericin B, 20 µL Amphotericin B with HCl, 2 µL Clotrimazole, 2 µL Clotrimazole 

with HCl, and 20 µL Clotrimazole had displayed a crystalize like structure, indicating a 

biofilm has been formed.  The control did not display this structure which shows that the 

cells did not create a biofilm or increase the expression of any mechanisms since there 

were no antifungals against it.  This also corresponds to the second set of plates.  

After analyzing the data obtained from the suspension experiments, it was 

determined that Clotrimazole was more effective in 20 µL of the drug in the acidic 

condition and 2 µL of the antifungal alone.  The Amphotericin B was more efficient in 

killing the fungus cells in 2 µL of the antimicrobial in the acidic condition and 20 µL of 

the antifungal alone. With consideration to only the acidic conditions, increasing the 

concentration of Clotrimazole was more efficient in eliminating the cells, but lowering the 

amount of Amphotericin B was more effective. This is contrary to my hypothesis which 

stated that Clotrimazole would be more effective at a lower concentration, due to its 

effect on the ERG11 gene. This is possibly due to ERG11 not stimulated by the 

Clotrimazole in large concentrations .  When the gene is not stimulated, it encodes 

lanosterol 14α-demethylase less, hence creating less ergosterol.  Therefore the 

antifungal would only be killing the cells and not allowing more sterol to be created, 

hence prevent the growth of addition cells.  It also may be possible that since 

Clotrimazole only targets the biosynthesis of ergosterol, there are no other genes that 

have increased expression, therefore meaning there is no increase in the cell’s 

resistance to antimicrobial which would allow Clotrimazole to easily enter the cell.  I also 

thought Amphotericin B would be more effective at an increased amount, however this 

was also incorrect.  This may be due to the increased expression of the FKS1 and 

MDR1 genes.  With the presence of Amphotericin B, the cell increases the synthesis of 

glucans to combat against the environmental stress, hence increasing the resistance 

against drugs.  The MDR1 genes can also have increased expression with the presence 



 
 

of Amphotericin B, theoretically causing the increased creation of Cdr1p/Cdr1p and 

Mrd1p. Therefore there will be an increased chance of the mechanism pumping the 

Amphotericin B molecules back to the environment.  This could also be affected by the 

minimum inhibitory concentration (MIC), where the MIC of Amphotericin B is very low 

allowing it to effective eliminate fungus cells in a acidic environment at 2 µL of the 

antimicrobial.  

In the biofilm experiments, it was discovered that Clotrimazole was more 

effective than Amphotericin B in all the conditions but at 20 µL in a condition of pH 6. 

This demonstrates how Clotrimazole is more effective than Amphotericin B in the 

presence of a biofilm.  Clotrimazole blocks the biosynthesis of sterol, while Amphotericin 

B attaches itself to the ergosterol weakening the biofilm and puts oxidative stress on the 

cell.  After analyzing Clotrimazole and Amphotericin B separately, correlations were 

drawn between the biofilm experiments and the suspension experiments.  Both tests 

show that for the 2 µL of Clotrimazole in a neutral environment has the least amount of 

Candida albicans cell.  For the acidic environment, Clotrimazole is most efficient at 

eliminating the fungus cells in concentrations of 20 µL.  As for the Amphotericin B, it 

was more effective at eliminating the cells at 2 µL in the acidic environment and 20 µL in 

the more neutral conditions.  Once again, this could be due to the minimum inhibitory 

concentrations of the antimicrobials, and the effect of each drug on the ERG11, FKS1, 

and MDR1 gene. 

Ultimately, the acidity of the growth media does not lessen C. albicans resistance 

mechanism in ways that allow the antimicrobials to kill the cells, however this is at 

different amounts of the drugs.  In the more neutral environments, 2 µL of Clotrimazole 

was most effective at eliminating the fungus cells in suspension and with the presence 

of a biofilm.  In the more acidic environment, 20 µL of Clotrimazole was most efficient. 

And to restate, the antifungals are more effective in eliminating fungus cells in 

suspension, rather than in the presence of a biofilm. 
 



 
 

Errors:  

Throughout both experiments there was one negative control used, which was 

the YPD and Candida albicans solution without the addition of acid or antifungals.  In 

future experimentation, I would also include a positive control, which would be the YPD 

and C. albicans solution with the addition of 1 µL of hydrochloric acid per 1 mL of the 

culture solution.  This would allow for a better analysis of the relationship between 

fungal cell resistance and the acidity of the environment. 

In the suspension experiments, the second group of YPD plates were dry since 

they were put in the incubator for a longer amount of time to examine the growth.  In 

future experiments, the plates will be examined every 12 hours to observe the growth of 

the fungus.  Also I would place the same solution into the spectrophotometer 5 times, to 

reduce random error and produce more precise results.  

The errors in the biofilm experiment were concentrated on the weight of the 

fungus.  This is prone to error since the accuracy of the electric scale was 0.001 grams. 

The difference in mass between the silicon square before and after the growth of the 

fungus was less than 0.100 grams.  To ensure more precise data, a more sensitive 

scale will be used.  Additionally, some silicon pieces were not completely dry after 

placing both well dishes into the fume hood for 48 hours.  This would affect the results 

by adding the weight of the YPD media along with the fungus, when determining the 

amount of C. albicans present.  Therefore the wet pieces of silicon would be heavier 

than the completely dry pieces. For future experiments, the well dishes will be placed in 

the fume hood for 72 hours.  Furthermore, some 24 well dishes were used causing the 

size of the silicon square to be smaller hence having a smaller mass. This would more 

difficult to measure the weight of the antifungal, since the mass is very small.  In future 

experiments, I would only use 12 well dishes and larger pieces of silicon to increase the 

weight.  Also, I would add 4 mL of the fungus culture to each well in order to increase of 

the mass of the Candida albicans on the silicon, which would be easier to measure on 

the electronic scale.  Finally, I would add 2 mL of PBS into each well dish, since 3 mL of 



 
 

the solution caused part of the fungus to float off the silicon piece, which would be a 

random error in terms of the mass of fungus grown on the silicon. 

 

 Further Direction: 

If I was able to do more tests, I would test the antibiotic resistance on bacteria 

such as Escherichia Coli, and determine the effects of an acidic environment.  I would 

also try different antifungals such as caspofungin, which is an antifungal that is known to 

target the FKS1 gene.  There are many possibilities in terms of what antimicrobial and 

fungus/bacteria can be used for the experiment; therefore I wish to try these new 

combinations in order to expand my knowledge on drug resistance.  

If I were to conduct more experiments based on the data, I would try to mix 

different antifungals to examine its effect on C. albicans.  More specifically, I would mix 

Clotrimazole and Amphotericin B together in different amount and ratios, to determine if 

distinct antifungals can act synergistically to target C. albicans in suspension and with 

the presence of a biofilm.  These two antimicrobials would be used, since they target 

different aspects of the ergosterol.  This would weaken the cell, as well as the biofilm 

and its mechanisms.  This experiment would be very useful in allowing us to use a 

different method to eliminate fungus or bacteria, but not contribute to its drug resistance.  

  Moreover, I would investigate further into the mechanisms of the fungus biofilm 

and how it contributes to the cell’s resistance to antimicrobials.  This experiment would 

be conducted with the use of glucanase, which is an enzyme that can degrade the 

biofilm by breaking polysaccharides.  I would apply the enzyme to the cell, then add the 

antifungal to observe if there is a difference with the number of cells in the media.  I 

would also mix the enzyme and a drug, such as Clotrimazole, together to determine the 

results in comparison to the result of my experiment. 

These experiments, as well as the current experiment, heavily contribute to the 

field of science today.  Antibiotic and antifungal resistance could escalate to a point 

where the drugs are so concentrated that it will kill humans instead of the pathogens. 

To prevent that from occurring, different methods will be used and tested to see whether 



 
 

or not the antimicrobial will eliminate the fungus/bacteria cells.   So next I will attempt to 

combine different drugs, together to determine what could eradicate antimicrobial 

resistance, instead of increasing the concentration of drugs. 
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