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Introduction
Soil is microbially diverse; characterization of the various 
microorganisms was the goal of this experiment. Soil was 
collected from the campus at a site with moderate plant 
growth and no ground cover. The water content of the soil 
sample was about 29%, the dry weight was 1.66 grams, 
and it the pH was about 6. This sample was used to create 
transformants as well as cultured to isolate colonies.  
These were both submitted for DNA sequencing.

Materials and Methods
The experiments done were those provided in the I, 
Microbiologist laboratory manual, with adjustments made 
when necessary 
For our Pure Culture Analysis, bacterial colonies were 
cultured on different medias (RDM, R2A, ISP medium 4, 
N2-BAP, VXylA). Each type of medium was plated 5 times, 
incubated, and distinct colonies were selected and re-
plated to be cultured further. These isolated were then 
purified and gram stained to ensure they weren’t 
contaminated. Frozen liquid stocks were then prepared. 
Each of the pure cultures isolates were also tested for 
antibiotic resistance against: Erythromycin, Streptomycin, 
Rifampin, Trimethoprim, and Cefuroxime using the Kirby- 
Bauer test. Isolates were also tested for cellulase activity. 
For our metagenomics analysis, DNA was isolated using a 
soil DNA isolation kit, and PCR was performed to amplify 
the DNA and make sure it was isolated. Gel 
electrophoresis was done to ensure the PCR was 
successful, and from here the PCR product was purified 
using the Zymo Research DNA Clean and Concentrator – 
25 kit. The DNA was then quantified using the NanoDrop 
spectrophotometer. After this was done, the products were 
cloned into pJET 1.2, eventually transforming out plasmids 
into E. coli, producing transformants. These were plated 
into LB-Ap plants and incubated for growth, with 25 
isolated colonies being streaked out to product purified 
transformant colonies. 
For both the pure culture and metagenomics analysis, 
PCR was done on isolates. The only difference was the 
primers being using, with pJET used for the transformants. 
Once PCR was done, a gel was ran to ensure the PCR 
was successful. Once the gel confirmed that PCR was 
successful, the PCR products were cleaned and quantified 
as before. These samples were then prepared for 
sequencing and sent into Eurofins MWG Operon in 
Hunstville, AL to be sequenced, and the sequenced data 
was analyzed using BLAST and a phylogenetic tree was 
created for any sequences that had data.

References
Sanders, E. R., Miller, J. H., 2010. I, microbiologist 
American Society for Microbiology Press, Washington DC.

Auman, A. J. PLU MICRO 342 Sakai Website: Changes to 
lab protocol. http://sakai.plu.edu/ (accessed 5/10/2015).

Slonczewski, J. L., Foster, J. W., 2014. Microbiology: An 
Evolving Science, 3rd ed. W. W. Norton & Co. Inc., NY.

Discussion/Conclusion/Future Directions
Our study was based on pure culture and metagenomics 
analysis of soil bacteria. Soil was collected outside the 
backdoor of Rieke Science Center on Pacific Lutheran 
University’s lower campus. The soil’s pH was 6 and had a 
water content of 27-30%. Sequence data was obtained 
only for metagenomics even though purified PCR 
products were confirmed via nanodropper, we were 
unable to obtain sequence data for pure cultured bacteria. 
Reasons for the un-obtained data may be due to PCR 
discrepancies and other anomalous mistakes in 
procedure for procuring clean DNA sequences. In regards 
to the metagenomics sequence data which can be found 
in Table 2, out of seven samples, five were successfully 
sequenced. Of the five successfully sequenced three 
were uncultured and two were novel species. Two of the 
uncultured bacterial specimens were of the family 
Burkholderaceae in which may contain pathogenic 
species. Uncultured bacterium of the phylum Chloroflexi 
which contain members whom are aerobic thermophiles, 
anoxygenic phototrophs, and anaerobic halorespirers. 
Novel species were found in the phylum phycisphaerae 
and an iron-reducing bacterium clone. Although DNA 
sequencing was not established for the pure culture 
portion of our study, we still received interesting data 
based on pure culture analysis. Bacterial resistance was 
seen on four of the five plated media. There was no 
cellulase activity seen for these plates, however methods 
in cellulase detection ran into problems. One plate had an 
“earthy odor” present suggesting that it contained 
geosmins produced by antibiotic producing bacteria of the 
genus Streptomyces. Future studies will have to resample 
the specified area and compare it to this study in order to 
find if the same novel species continue to be present. In 
conclusion, two novel species and three uncultured 
bacteria were discovered. Thus future studies may be 
able to use these methods in order to obtain novel 
bacterial lineages.

Results
Table 1. (below) Summary of the tests performed on the selected isolate colonies. These 
tests include gram morphology, DNA sequencing, antibiotic resistance through the use of 
Mueller-Hinton plates, and cellulase activity. 

Figure 1. ISP4
Gram (top) and
Colony (bottom)

Isola&on	
Condi&ons	

Gram	
Morphology	

Organism	 Mueller-Hinton	
Resistance	

Cellulase	
Ac&vity	

ISP-4	 Posi*ve	 No	Sequence	Data	 No	resistance	 No	
RDM	 Nega*ve	 No	Sequence	Data	 RD,	S,	and	CXM	resistant	 No	

N2-BAP	 Posi*ve	 No	Sequence	Data	 RD,	E,	and	S	resistant	 No	
R2A	 Nega*ve	 No	Sequence	Data	 RD,	E,	S,	TMP,	and	CXM	resistant	 No	
VXylA	 Nega*ve	 No	Sequence	Data	 RD	and	E	resistant	 No	

Figure 2. RDM
Gram (top) and
Colony (bottom) 

Figure 3. N2-BAP 
Gram (top) and
Colony (bottom)

Figure 4. R2A
Gram (top) and
Colony (bottom)

Figure 5. VxyIA
Gram (top) and
Colony (bottom)

Table 2. (below) Five metagenomics sequence samples were BLAST analyzed in order to 
determine which organisms was the closest match. Three samples (03,	 04,	 16) had no 
record of being cultured, while the others (09, 17) had close relationships with organisms 
that had been cultured and sequenced. All five organisms share a high max identity with 
the samples that were sequenced and they all have minimal E-values.
Sample 
Number

Bacterium
(partial sequence)

Type Max
Score

Query
Coverage

E-
Value

Max
Identity

03 Burkholderiaceae Uncultured 823 89% 0 99%
04 Choroflexi Uncultured clone 724 86% 0 96%
09 Phycisphaerae Cultured 535 87% 4E-148 87%
16 Burkholderiales Uncultured 789 86% 0 97%
17 Iron-reducing Enrichment clone 720 83% 0 96%
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Figure 6. (left) Shows the phylogenetic 
r e l a t i onsh ips be tween the five 
metagenomic sequence samples 
(shown in bold) and three reference 
bacteria. The values given at the nodes 
refer to parsimony and indicate the 
number of times, out of 100, that the 
branches of the tree were arranged in 
this order. The length of the scale bar is 
representative of a 5% difference in the 
DNA sequence data. 


