
         The purpose of these experiments is to develop an understanding of the 
microbial diversity in a restored urban habitat, the Hendrix Creek Preserve, as 
compared to natural habitats in the state. A second goal of this work is to 
modify standard techniques for tracking microbial diversity and incorporate 
them into an introductory undergraduate laboratory curriculum. To study the 
microbial diversity of a freshwater habitat, we modified standard techniques 
for use in a student laboratory. These techniques include water sampling, 
identification of eukaryotic species via microscopy, and identification of 
bacterial species by both physiological testing and ribosomal RNA gene 
sequencing. We are developing a photographic key of the locally-abundant 
eukaryotic microbes. We also cultured bacteria from the samples and 
screened for the presence of fecal coliforms. Additionally, we optimized 
primers that amplify a variable region of the 16S ribosomal RNA gene and 
sequenced the PCR products to identify individual bacterial species. Finally, 
we plan to use next gen sequencing to sample the diversity of bacterial 
species in the habitats. These methods are being written into a laboratory 
manual for the undergraduate laboratory. We plan to track the microbial 
diversity of this watershed over a span of many years. Eventually, we will 
compare the results from the Hendrix Creek Preserve with natural, more 
pristine, habitats. Ultimately, this data will provide insight on the maturation of 
a restored urban freshwater system, which could aid in the restoration of other 
damaged habitats. 
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        “Green space” is becoming an important part of suburban and urban 
communities (Daly and Klemens 2005). Historically, sprawl depletes habitats 
and reduces biodiversity (Johnson and Klemens 2005). The Hendrix Creek 
Preserve is a prime example of a restored wetland built amidst urban 
expansion. Because biodiversity can function to measure the health of an 
ecosystem, we are modifying standard techniques to track the microbial 
diversity of this young watershed over a span of many years. Results will be 
compared to older systems managed by the Nature Conservancy and 
Arkansas Game and Fish Commission. Protocols for these procedures are 
being written as curriculum for the introductory biology laboratory course at 
Hendrix College, Cell Biology. Our purpose for crafting this project as an 
introductory biology lab curriculum is two-fold: 

1) Cell Biology is the first science class taken by Hendrix students 
interested in pursuing a Biology, Biochemistry/Molecular Biology, or other 
Pre-Health related major: 

•  These students account for nearly 50% of the entering freshman class  
•  This is a golden opportunity to immerse a large body of students in a 

hands-on research experience with ultimately publishable results. 
2) Contribution toward a published product, joined with engaging protocol 

design, will attract and empower students, inspiring: 
•  Critical thinking  
•  Advocacy for conservation efforts as informed residents. 

The methods for identifying microbes are divided into three major categories: 
biochemical, molecular, and microscopic. 
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Biochemical Identification: To search for fecal coliforms, we filtered 100 ml 
of a water sample through a 0.45 micron filter (Figure 1). We transferred the 
filter to an Eosin Methylene Blue (EMB) plate and incubated at 35ºC. The 
EMB media contains dyes to inhibit Gram positive bacteria, and any fecal 
coliform colonies showed up as dark purple due to lactose fermentation. 
Additionally, we used the spread plate technique on EMB and Tryptic Soy 
Agar (TSA) to assess the diversity of bacteria in 100 ml (Figures 2, 3). From 
these spread plates, we isolated species for routine physiological testing to 
see what genera of culturable bacteria are present in the water system. 

Figure 1. Filtration apparatus. Figure 2. Sample EMB spread plate. Figure 3. Sample TSA spread  plate.

Molecular Identification: We used a set of primers, EUB f933 and EUB 
r1387 (Yamaguchi et al. 2013) to amplify a fragment containing a variable 
region of the bacterial 16S rRNA gene. We determined that 25 cycles of PCR 
amplification with a standard hot start Taq polymerase in a 20 ml reaction 
volume generated sufficient product for analysis. We tested the protocol on 
isolated cultures of known bacterial species using a liquid nitrogen freeze-
thaw method to isolate bacterial DNA (Yamaguchi et al. 2013). A single 
bacterial colony was picked into 400 ml of sterile H2O and was frozen in liquid 
nitrogen and thawed twice. The DNA solution was used directly for PCR and 
the products were purified by gel electrophoresis (Figure 4) followed by 
isolation with the Qiagen Qiaquick Gel Extraction Kit. The PCR products were 
sequenced at the UAMS DNA Sequencing Facility (Figure 6). The sequences 
of the products matched those of the original isolated cultures. We also tested 
the protocol on environmental samples by filtering 100 ml and 300 ml water 
samples through 0.45 micron filters and isolating bacterial DNA by liquid 
nitrogen freeze/thaw. We successfully amplified 16S rRNA fragments from 
these samples (Figure 6).
 

 

Microscopic Identification: We found that even though this is a young 
system, significant microbial diversity is present. Because it would be hard to 
identify and track the quantity of every single species present, we decided 
students should focus on 5 major microbial groups: cyanobacteria, protozoans, 
amoebae, algae, and invertebrates (specifically rotifers). We developed a 
pictorial in-house key based on the framework of the online interactive 
PhycoKey created at the University of New Hampshire (Baker et al. 2012). In 
order to simplify identification, we built it to highlight the organisms we 
encountered in collected water samples; we left it flexible to expand as new 
species are found in the watershed. To gather a water sample, we filtered pond 
water through a plankton net (Figure 9). We observed wet mounts of the water 
microscopically, and pictures were taken using iPhones attached to a 
microscope using the Arcturus adaptor (Figures 7, 8). 

Figure 6. Sequence data of nucleotides 10-90 for B. aereus.    

Figure 7. iPhone attached to Figure 8. Aquatic microbes A) Pediastrum sp. B) Rhopaloida sp.     Figure 9. Collecting water  
a microscope using the Arcurus with an amoebe C) Anabaena sp. D) Rotifer amidst moss       samples by spinning the 
adaptor. E) Field of various diatoms F) Cosmarium sp.       plankton net.

Figure 4. Amplified PCR products of B. cereus, P. vulgaris,             Figure 5. Amplified PCR products of bacteria on filters 
from M. roseus, S. Pyogeara, S. typhimurium,             three different sites. Samples of 100 ml and 300 ml , 
and a water control.             were filtered for each site, yielding 6 bands total. 

This is a three-summer endeavor; the curriculum created from this project 
will not be fully implemented into all lab sections until the Fall 2015 semester.  
We have made significant progress towards developing most of the methods 
that will be used by students in the lab.  We successfully identified known 
bacteria by rRNA gene sequencing, indicating that our DNA isolation and PCR 
technique was successful. Because PCR amplification of bacteria caught on 
filter paper was also successful, we are now ready to attempt next gen 
sequencing on the samples. We are eager to try using the technology when it 
becomes available at the UAMS DNA Sequencing Facility later this summer. 
Completing the next gen sequencing protocol is the finale of our methodology 
design. Meanwhile, we are writing exercises for the lab manual and completing 
the identification key. By the fall semester of 2014, we aim to have a complete 
lab manual that will be used by 2 lab sections as a trial run during the 2014-2015 
academic year. After fine-tuning the manual based on these trials, the curriculum 
will be complete and used by all Cell Biology students in 2015-2016. 
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