
Nodulation and Nitrogen Fixation by Symbiosis plasmid 

transformed Rhizobium species with Clover Plants

By: Chelsea Cereghino - Class of 2015

• Helpful article about background:

Marx, J. L. (1985). How rhizobia and legumes 

get it together. Retrieved August 19, 2013, 

from 

http://www.sciencemag.org/content/230/4722/

157.extract

• Do not grow clover and pea plants at the 

beginning of the experiment in order to 

extract the bacteria from root nodules. 

Growing the plants takes too long. Buy or dig 

up clover and pea plants to use instead.

Abstract
The purpose of this project was to improve the quantification of nitrogen fixation by Rhizobium 

species in T. repens L. by transferring the Symbiosis plasmid from R. leguminosarum bv. trifolii to R. 

leguminosarum bv. vicaea and growing the recombinant R. leguminosarum bv. vicaea bacteria with T. 

repens. L. Due to the complexity and the time restraints of the project, the goal was to complete four 

of the six phases that the project was divided into. In phase I, T. repens L. and P. sativum plants were 

grown, R. leguminosarum bv. trifolii was extracted from the T. repens L. root nodules, and R. 

leguminosarum bv. vicaea was extracted from the P. sativum root nodules. Both species of bacteria 

on were cultured on Yeast Mannitol (YM) agar plates and a mix of the two Rhizobium species were 

cultured in YM broth in phase II. For four antibiotics likely to be found in animal manures, the 

susceptibility of R. leguminosarum bv. trifolii to these antibiotics was tested in phase III. As for phase 

IV, the goal was to isolate the Sym plasmid from the mixed culture and to send it to Genewiz, Inc. for 

DNA sequencing. The results suggested that R. leguminosarum bv. trifolii is resistant to Penicillin but 

not to Kanamycin, Erythromycin, or Neomycin as indicated by zones of inhibition. The plate with 

Kanamycin had an average zone of inhibition of 29.5mm, Erythromycin 7.75mm, and Neomycin 

20.75mm. No inferential test was necessary for this project, and therefore, no conclusions were made 

about supporting or not supporting the research hypothesis. Sub-questions were answered, however 

further research could provide evidence for supporting the original research question.

1. Extract the Sym plasmid

2. Amplify the plasmid sample

3. Transform R. leguminosarum bv. vicaea with 

the plasmid sample

4. Grow the recombinant bacteria with clover 

seeds

5. Count how many nitrogen-fixing root 

nodules are present on clover root nodules

Future Research Ideas
Pertinent Information to Share with 

a Future Researcher



The effect of various stressors on the viability of probiotic bacteria in 
yogurts 

Krista Hartmann – Class of 2015

1. Practice tests are essential in microbiology 
to solidify methods before conducting 
more important trials.

2. If negative numbers appear in your data 
while using the spectrophotometer, 
something is wrong.  Make sure to shake 
your vials before inserting them in the 
spectrophotometer to adequately mix the 
contents. 

Abstract
The purpose of this study was to determine which yogurt, Activia© or Chobani©, 

contains more stress-resistant probiotic bacteria.  It was hypothesized that Activia© would. The 
bacteria were subjected to three stresses: antibiotics, salinity, and acidity.  Overnight bacterial 
cultures from each yogurt were inoculated in broths of varying pH levels for acid tests, and varying 
salt concentrations for sodium tests.  Growth was measured over the course of 24 hours in CFU/mL 
using a spectrophotometer.  Antibiotic resistance was determined by measuring inhibition zones 
surrounding various antibiotic discs after 24 hours.  The data revealed that all three stresses affected 
bacterial growth, but a two-way ANOVA (alpha = 0.05) only revealed a statistically significant 
difference between the two yogurts for acidity (p-value = 1.630E-10).  Several two-sample t-tests 
(alpha = 0.05) showed that Chobani© tolerates low pH levels better than Activia©, but there was no 
difference between the two for salinity.  Both yogurts survived best with no added acid or salt.  
Significant differences were not found between the two yogurts’ antibiotic resistance.  Overall, these 
results did not support the research hypothesis that Activia© bacteria would resist stress better than 
Chobani© bacteria.  

1. Further research should be conducted 
examining the stress resistance of probiotic 
bacteria in a larger variety of yogurts.

2. Examining the effect of more stressors 
(temperature, gastric juice, bile, oxygen 
stress) could provide more defined 
conclusions of their tolerance. 

3. Observing the effect of long-term storage 
in these stressors would also be beneficial.

Future Research 
Ideas

Pertinent Information to share with a 
future researcher



Characterization of amounts of E. coli versus coliform colonies 

observed on “unwashed” and “pre-washed” romaine lettuce

By: Kayla Goumas class of 2015

1. It is challenging to follow complete sterile 

technique. Make sure to practice many 

times.

2. A foundational paper to read for this study 

is:

Lynch, M. F., Tauxe, R. V., & Hedberg, 

C.W. (2009). The growing burden of 

foodborne outbreaks due to contaminated 

fresh produce: risk and opportunities. 

Epidemiol. Infect., 137, 307-315.

Abstract
The purpose of this study was to determine amounts of E. coli and coliform colonies observed on “unwashed” 

and “pre-washed” romaine lettuce leaves. This study was conducted using sterile techniques to swab multiple 

romaine lettuce leaves from prewashed and unwashed lettuce and culture the swabbed material on media in an 

effort to quantify E. coli and coliform bacteria present(in cfu/mL). Two, two sample t-tests were run on the 

data collected, and the alpha value was set to 0.05. The t-test between “unwashed” and “prewashed” coliform

colony growth resulted in a p-value of 0.136; the t-test between “unwashed” and “prewashed” E. coli colony 

growth resulted in a p-value of 0.0918. Each analysis resulted in no statistically significant difference in 

bacterial colony growth between “unwashed” leaves and “prewashed” leaves. The research hypothesis, if the 

romaine lettuce is “pre-washed” to remove bacteria, then it should have fewer colonies of bacteria (E. coli and 

coliform) than the “unwashed” lettuce, was not supported by the collected data. In conclusion, the results 

showed that there was no statistically significant difference between E. coli or coliform bacterial colony counts 

collected on “unwashed” versus “prewashed” romaine lettuce leaves. 

1. Further studies could be done by 

examining age of the lettuce leaves.

2. Researchers could look into using 

different types of vegetables and even 

fruits, in order to compare how possibly 

surface area or texture would alter the 

results

3. Future research could be done to create 

different types of washes for the 

products and testing them

Future Research 

Ideas

Pertinent Information to share with a 

future researcher



The Effects of E. officinalis on S. epidermdis and E. aerogenes

By  Mazin Ahmad  Class of 2015

1. If possible, pour the nutrient agar in the dishes 

beforehand, so you will not have to do all the 

work in a single sitting.

2. Take pictures along the way of instruments 

and methods.

3. For control groups with a sterile water filter 

disc, do not use as many dishes; it is 

unnecessary.

Abstract
The purpose of this study was to research if E. officinalis, commonly known as amla, has inhibitory 

effects on common bacteria that are found in hospital settings, such as S. epidermidis and E. 

aerogenes. The project was conducted by plating Petri dishes with S. epidermidis and E. aerogenes

and then applying filter discs with E. officinalis solution. After a period of forty-eight hours, the 

dishes were retrieved from the incubator and the zone diameters were measured. A single factor 

ANOVA with a p-value of .05 revealed that there was statistical significance. The results signified 

that amla is effective against these bacteria with a p-value of 6.25 E-15. This supported the research 

hypothesis that if E. officinalis has significant antibacterial properties, then it will create a zone of 

inhibition on S. epidermidis and E. aerogenes. The amla created a zone of inhibition of 11mm on the 

E. aerogenes and 15.625 mm on the S. epidermidis. The experiment supported the idea that a 

homeopathic herb can be successful against bacteria that are found in hospital settings.

Future Research 

Suggestions to a future researcher

The greenish-yellow circle that 

surrounded the clear zone of inhibition 

should be cultured to examine if there 

are any bacteria.

If there are any, possibly identify 

which ones they are.

Also, more samples should be 

collected of the bacteria.
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Growth of Agrobacterium under stress conditions. 

By: Maira Ashraf-class of 2015

1. There are some negative numbers in the 

results I recommend to be careful when 

putting broth in OD Smart Spec.

2.      A foundational paper to read for this study 

is:

Qazi, S,. & Hasnain, S. (2000). Indigenous 

agrobacterium tumefaciens: Growth 

responses to metallic salts, antibiotics, 

temperature and pH. Punjab University 

Journal of Zoology, 15, 1-14. Retrieved 

from 

http://search.proquest.com/docview/18412

031?accountid= 131511

Abstract
The purpose of this study was to determine the effect of stress conditions such as salt 24%, 

temperature (26C & 37C), and pH levels (6 & 9) on the growth of two different strains 

of Agrobacterium.  For this experiment, Agrobacterium UCLA and Agrobacterium NT-1 were grown 

in Luria broth (LB) agar with salt (LB 24%) in the air. The results showed that Agrobacterium NT-1

grows better than the Agrobacterium UCLA. Then, both strains of Agrobacterium were grown using 

Tryptosoy Soy Broth with pH levels (pH level 4 and pH level 9). The third stress condition was to 

have the normal broth cultures incubated under two different temperatures (26C & 

37C). Agrobacterium broth culture growth was monitored using OD 600 Smart Spec at the different 

times. The absorbance readings were converted to colony forming units per ml (CFU/ml). Overall, 

the growth of Agrobacterium showed that Agrobacterium Nt-1 showed better growth under salt, 

temperature and the pH level was better than the Agrobacterium UCLA strain. This was a descriptive 

study. The hypothesis stated, “If Agrobacterium is put under stress conditions such as salt, 

temperature and pH levels, then its rate of growth will change.” In this experiment

Agrobacterium NT-1 had a higher growth rate in all stress conditions. The hypothesis was supported.

1. Further  research should be done using 

more and different types of strains.

2. There should me more stress conditions 

involved in the experiment.

3. The researcher should be more careful 

while putting broth in the OD600 Smart 

Spec to get rid of negative numbers.

4. More resources should be used to find a 

statistical difference between the growths.

Future Research 

Ideas

Pertinent Information to share with 

a future researcher

Figure 2. Colonies of           

Agrobacterium NT-1 in 

LB 24% after 24 hours. 

Figure 3. Colonies of 

Agrobacterium UCLA in 

LB 24% after 24 hours. 



The effectiveness of non-pathogenic bacteria (Escherichia coli and 

Pseudomonas putida) in the degradation of polyethylene.

By: Shannon Laughlin – Class of 2015

Abstract
The purpose of this study was to determine the effectiveness of non-pathogenic bacteria (Escherichia

coli and Pseudomonas putida) in the degradation of polyethylene. The two strains of bacteria were 

placed in separate bottles in a non-carbon media with polyethylene (previously massed). After two 

weeks, the polyethylene was removed from the media and massed. A two-tailed t-test was conducted 

on the ‘before’ and ‘after’ masses of polyethylene. A p-value of 1.224E-1 was revealed for E. coli and 

a p-value of 1.962E-4 was revealed for P. putida (alpha levels for both tests were 0.05). The 

statistically significant difference found for P. putida supported the research hypothesis that P. putida 

can be cultured in a non-carbon media and grown with the addition of polyethylene as its carbon 

source.  However, the statistically insignificant data did not support this hypothesis for the E. coli. 

The percent of polyethylene degraded was 3.88% for the P. putida and was undetermined for the E. 

coli due to error. Therefore, the second research hypothesis, that if P. putida and E. coli are cultured 

in a non-carbon media and grown with the addition of polyethylene as their carbon source, then P. 

putida would have a larger percent degradation, was undetermined. Overall, this study provides 

support for using P. putida as a non-pathogenic degrader of polyethylene.

Future Research 

Ideas

Pertinent information for future 

researchers

• When conducting a study similar to this one, 

it is important to be familiar with aseptic 

technique

• Below is a great article in regard to using 

bacteria to degrade polyethylene plastic:

Burd, D. (2008). Plastic not fantastic. 

Retrieved October 6, 2013, from 

http://wwsef.uwaterloo.ca/archives/2008/08B

urdReport.pdf

 The effectiveness of the UV exposure on 

degradation

 The effectiveness of P. putida in different 

environments, like a simulated landfill 

model

 The difference in effectiveness with 

different brand plastic bags
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