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Abstract

The overall objective of this study was to compare microbial hydrocarbon 

degraders based on their source of contaminant. The research involved enrichment of a 

single bacterial isolate from each of five hydrocarbon-contaminated soils collected at

different sites in Alaska.

After the strains were isolated from each source, they were compared to one 

another using various diagnostic tests. Forty-seven binary biochemical tests were 

performed. Of these only eighteen tests were discriminatory. These discriminatory tests 

were used for further statistical analysis. SYSTAT 5.1 was used to perform numerical 

cluster analyses which produced dendrograms showing normalized percent disagreement 

between responses to the tests for any two isolates. Complete linkage was used to 

produce a correlation matrix. This showed the probability that two isolates will give the 

same responses to the diagnostic tests when sampling from a random population.

Although isolated from very different climatic regions in Alaska, I found that a 

statistically significant correlation exists between the bacterial growth and the source of 

the contaminant. From this it appears that the specific contaminant may provide a 

selective pressure for similar phenotypic bacterial growth.
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Introduction and Literature Review

On March 24, 1989, the T/V Exxon Valdez grounded off the coast of Alaska 

and created the largest oil spill ever experienced in U.S. waters (Sugai, et al., 1997). 

Although physical cleanup operations removed significant quantities of the oil, nearly 

50% was removed through biodegradative processes (Sugai, et al., 1997). 

Bioremediation represents one of the primary biodegradative processes whereby 

natural populations of microorganisms break down petroleum and other hydrocarbon 

pollutants in the environment (National Academy of Sciences 1985). With vast 

petroleum reserves in Alaska and other arctic regions, it is necessary to find 

alternative ways to treat or remove contaminated soils in regions where physical 

cleanup methods are not feasible nor possible due to the remoteness of the site 

(Braddock, et al., 1997). Over 800 hundred miles of pipeline traverse the state of 

Alaska carrying crude oil from Prudhoe Bay to Valdez. With the possibility for large 

oil spills, resulting in contamination of valuable groundwater supplies, 

bioremediation becomes increasingly important.

Throughout time, microorganisms have maintained the biosphere by carrying 

out ecologically essential biogeochemical reactions. Bioremediation has focused the 

wide range of biodegradative strategies of microorganisms to concerns for petroleum 

spills and other pollutants deemed undesirable in the age where environmental 

concern is a high priority (Madsen 1991).

There are several factors limiting the numbers and activity of microorganisms 

in the soil and other natural environments. Factors most easily modified are soil 

moisture, soil pH, temperature, levels of inorganic nutrients, levels of electron
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acceptors, and types and levels of carbon substrates present. These factors are most 

often of significance in bioremediation (Baker, et ah, 1994).

Madsen presents a generalized approach for determining in situ 

biodegradation for both controlled-release sites and accidental spill sites. One is 

directed towards gaining an understanding about the feasibility of obtaining useful 

field data, identifying the contaminant and its concentration, and discerning broad 

categories of microbiological processes that may be operating on site, respectively. 

The second focuses on pollutant-specific indicators of in situ biodegradation that 

would be obtained from chemical and microbiological analysis of site samples. The 

third refines the site characterization, sampling, and analysis procedures (Madsen

1991).

As stated above by Madsen it is important to learn the identity of the 

contaminant. This identity focuses on the geographical source of the contaminant and 

its chemical nature. Petroleum and petroleum products such as gasoline, fuel oils, 

and diesel fuels are complex mixture of organic compounds (Baker, et al., 1994). 

Crude oils, or petroleum, differ in their constituent hydrocarbons when they are from 

different sources, and contaminants that are refined products differ from each other in 

molecular structure and weight. For example, aromatic hydrocarbons such as 

benzene, toluene, ethylbenzene, and xylenes are found predominantly in light 

petroleum fractions such as gasoline, although they may be present in trace amounts 

in any type of petroleum product (Baker, et ah, 1994).

The overall objective of my study was to make a phenotypic comparison of 

microbial hydrocarbon degraders with respect to their source of contaminant. In the
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classification of bacterial species two approaches can be taken. One is conventional 

taxonomy involving the phenotypic characteristics of different strains of bacteria and 

using these traits to group organisms. In the other approach, often called molecular 

taxonomy, genotypic analyses are used to determine phylogenetic relationships 

(Madigen, et al., 1997). In this work, conventional taxonomy was used, focusing on 

the phenotypic characteristics related to the degradative processes in bioremediation.
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Materials and Methods

My research involved enrichment of a single bacterial isolate from each of 

five hydrocarbon-contaminated soils collected from different sites in Alaska (Figure

1). In addition, Pseudomonas putida was used as a control. P. putida is a common 

hydrocarbon degrader often found in typical soil environments. Sources of the 

samples (U.S. Department of the Interior 1973):

1) Fort Wainwright, a subarctic interior high brush environment, 
contaminated with chlorinated organics and gasoline

2) Toolik Lake Field Station, an arctic wet tundra environment, contaminated 
with diesel fuel and possibly some gasoline

3) Caribou-Poker Research Watershed, a subarctic interior upland spruce 
(hardwood forest) environment, contaminated with Prudhoe Bay crude oil

4) Barrow, a moist arctic coastal environment, contaminated with diesel fuel 
and gasoline

5) Sleepy Bay, a coastal alpine tundra environment, contaminated with 
Prudhoe Bay crude oil.

Enrichment was made using 50 ml of sterile Bushnell-Haas broth and 15 ml 

of contaminated soil, and 50 pi of sterile toluene as the only carbon source. Bushnell-

Haas broth is used routinely for examining fuels for microbial contamination and for 

studying the hydrocarbon utilization by microorganisms (Atlas 1993). Toluene, an 

aromatic hydrocarbon, a component of gasoline, is also a component of crude oil. 

Selective growth conditions were provided for specific toluene degrading bacteria. 

Enrichments were incubated at room temperature in foil covered Erlenmeyer flasks

on an orbital shaker.

After growth was observed by visual turbidity, I diluted the enrichments using 

lml from enrichment into 50 ml of sterile Bushnell-Haas broth with toluene. These
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dilutions provided a nonselective method for reducing the number of different 

bacterial species present in the enrichment. Once growth was again apparent in the

diluted enrichments, the cultures were streaked for colony isolation on nutrient agar 

plates. After incubation and subsequent growth, the plates had at most two distinct 

looking colonies. Through microscopic observations of wet mounts and gram stains, 

the colonies were compared to ensure they were pure cultures. I selected the most 

numerous or dominant colony type from each plate and streaked it again for isolation. 

The isolated colony from each source was reinoculated into the Bushnell-Haas broth- 

toluene medium to ensure that they could utilize toluene. Each of the five isolates 

retained their ability as specific hydrocarbon degraders.

I compared one strain from each source to the others using various diagnostic 

tests. Bergey’s Manual of Determinative Bacteriology is the standard for phenotypic 

comparisons and identification of many bacterial species. Although phenotypic 

comparisons are not used to measure genetic relatedness, they can be used to compare 

bacteria with respect to such things as physical appearances, degradative processes, or 

enzymatic activity. Since these bacteria were isolated from across the state of Alaska 

in various climatic regions (Figure 1), bacterial phenotypic similarity at first seemed 

improbable. These served as the focus of this study.

Forty-seven binary biochemical tests were performed (Table 1). These tests 

were chosen because they are key diagnostic tests used to distinguish strains in 

Bergey’s Manual. The tests chosen are identical to those used to characterize the 

control organism P. putida. Prescott et al. provide the detailed steps in performing 

the catalase test, the oxidase test, and the Kirby-Bauer method used to test the
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inhibitory effectiveness of a variety of antimicrobial agents. Although the isolates 

were grown under oxic conditions, the fluid thioglycollate test described by Madigan 

(Madigan, et al, 1997) was used as a binary diagnostic test to see if the bacteria were

facultative aerobes or not.

The API 20E System described by Prescott et al. was used to identify the 

presence of specific enzymes, the ability to utilize certain carbohydrates, and the 

production of metabolic byproducts. Although this test system is used primarily for 

identifying members of the family Enterobacteriaceae, the individual tests can be 

used for the diagnostic identification of other bacteria. I used the API 20E test strip 

to test for the presence of the enzymes beta-galactosidase, arginine dihydrolase, 

lysine decarboxylase, ornithine decarboxylase, urease, tryptophane deaminase, and 

proteolytic enzymes liquefying gelatin. In addition, API 20E tests for citrate 

utilization, production of hydrogen sulfide, indole production, butanediol 

fermentation, and the utilization of the glucose, mannitol, inositol, sorbitol, rhamnose, 

sucrose, melibiose, amygdalin, and arabinose, and gas production in fermentation

reactions and nitrate reduction.

Since toluene was the only carbon source in the enrichments, I tested other 

aromatic and aliphatic hydrocarbons on the isolated cultures. These other 

hydrocarbons were selected because of their structural similarity to toluene and also 

because they are components of crude oil and refined products. These include

phenanthrene, napthalene, benzene, xylene, hexane, n-hexadecane, and pristane. To
it

test for utilization by the bacterial isolates, the hydrocarbons were added in place of
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toluene in the Bushnell-Haas medium. Growth, and thus utilization of the 

hydrocarbon was determined by direct observation of turbidity in the culture.

The bacterial strains studied seem to be mesophilic with growth optimum 

between 10 and 30°C. Using turbidity as a marker for the ability to grow at the given 

temperature, the isolates were tested for growth at 4, 10, 15, 24, 30, 38, and 44°C. 

Nutrient broth was used as the medium for temperature growth.

I used two staining procedures as diagnostic tests. One test was the common 

Gram stain and the other a stain for poly-beta-hydroxybutyrate inclusion granules. 

The latter involves a method using Sudan Black B stain (Gerhardt et al., 1994).

Only eighteen of the diagnostic tests were discriminatory; a 

nondiscriminatory test would be one in which every one of the isolates had the same 

response to the binary test [either all positive or all negative]. Each of the diagnostic 

tests were binary in nature, thus an isolate could have a yes [positive test] or no 

[negative test] response. The discriminatory tests were used for further statistical 

analysis. I used SYSTAT 5.1 to perform numerical cluster analyses, which produced 

dendrograms showing normalized percent disagreement between responses to the 

tests for any two isolates. Complete linkage was used providing the most 

conservative analysis. A dichotomous correlation analysis was used to produce a 

correlation matrix. In addition, I used a binomial test to assess whether each 

correlation was significant or not using probabilities. A probability where p^0.05 

suggests that the isolates are from the same statistical population.
1
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Figure 1. Geographical distribution of initial collection sites for enrichment of bacterial isolates.
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Table 1. Results from diagnostic tests used in isolate comparisons.

Diagnostic Test Isolate 1 Isolate 2 Isolate 3 Isolate 4 Isolate 5 P. putida
Catalase + + + + + +
Oxidase + +
Thioglycollate
Gram stain +
Penicillin + + + + + +
Ampicillin + + + +
Chloramphenicol +
Sulfioxazole +
Tetracycline +
Streptomycin + +
3-galactosidase +
Arg dihydrolase +
Lys decarboxylase
Om decarboxylase
Citrate +
Hydrogen sulfide
Urease +
Try deaminase
Indole
Acetoin
Gel. Liquifaction +
Glucose +
Mannitol + + +
Inositol + + +
Sorbitol + + +
Rhamnose
Sucrose + + +
Melibose + +
Amygdalin + +
(L+) Arabinose +
Gas Formation + + + + + +
Nitrate Reduction
Phenanthrene
Napthalene
Benzene + +
Xylene
Hexane
n-Hexadecane + +
Pristane + +
4° C
10°C + + + + + +
15°C + + + + + +
24°C + + + + + +
30°C + + + + + +
38°C +
44°C
PHB inclusions + + +
*Bold hi-lighted tests were discriminatory and used in further statistical analysis
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Results

The results in Figure 2 give a graphical representation of how the isolates 

compare to one another based on their responses to the diagnostic tests. The figure 

shows percent dissimilarity between the isolates. The more dissimilar species are to 

one another, the less likely they will give the same responses to certain diagnostic 

tests. As can be seen, Isolate 3 and Isolate 5 are most likely to give similar responses 

to a test as are Isolate 1 and Isolate 4. Isolate 2 is least likely to give the same 

response as any of the other isolates.

Figure 2. Cluster analysis showing percent dissimilarity between bacterial isolate 
responses to the eighteen discriminatory diagnostic tests.

S % dissimilarity
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Since the above data is merely a graphical representation of the relationship 

between the isolates, a correlation analysis was used to produce a matrix showing the 

correlations of the bacterial isolate responses (Table 2). A binomial test was also 

performed to test whether or not these correlations were statistically significant. The 

matrix below shows the percent in which the isolates gave the same responses. For 

example, Isolate 1 and Isolate 2 gave the same response to a test 50% (0.500) of the

time.

Table 2. Dichotomous correlation analysis of bacterial isolate responses to the 
eighteen discriminatory diagnostic tests:

Isolate 1 Isolate 2 Isolate 3 Isolate 4

Isolate 2 0.500 (0.185)

Isolate 3 0.389 (0.121) 0.333 (0.071)

Isolate 4 0.722 (0.032) 0.556 (0.167) 0.556 (0.167)

Isolate 5 0.333 (0.071) 0.500 (0.185) 0.722 (0.032) 0.389 (0.121)

Diagnostic tests were binary resulting in a positive or negative response (see methods).
Numbers in parentheses are probability values. Bold face probability values are significant.

From the binomial test, Isolates 1 and 4 showed significant correlation with a 

p-value of 0.032. In addition Isolate 3 and 5 also showed correlation with a p-value 

of 0.032. The geographical distribution for each of these pairs is quite different.

M Although Isolate 1 came from a subarctic interior high brush environment, it showed

phenotypic similarity to Isolate 4 which was from a moist arctic coastal region. 

Furthermore, Isolate 3, which inhabited a subarctic interior upland spruce region, was
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phenotypically similar to Isolate 5 which came from a coastal alpine tundra

environment.

t
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Discussion and Conclusions

Although isolated from drastically different climatic regions in Alaska, 

bacteria were cultured with closely related phenotypic characteristics including 

similar degradative processes. The climatic regions sampled varied in both mean 

annual temperature and mean annual precipitation as can be seen in Table 3.

Table 3. Geographical location, climate, and contaminant in which bacterial isolates 
were initially enriched from.

Isolate Location Mean Annual Temp. 
(°C)

Mean Annual Precipitation 
(cm)

1 Fort Wainwright -2.7 27.7

2 Toolik Lake Field 
Station

-3.3 34.8

3 Caribou-Poker
Research
Watershed

-2.7 27.7

4 Barrow -12.2 11.4

5 Sleepy Bay 3.3 181.4

(NOAA-CIRJES Climate Diagnostics Center 1999, Alaska Climate Research Center 1999.)

Since contaminants typically vary in their chemical makeup, I concluded that 

the specific contaminant provided a selective pressure for similar phenotypic bacterial 

growth. Although climate has been shown to be a factor in bacterial populations, the 

extreme conditions at a hydrocarbon-spill site may have a disproportionately strong 

effect on the populations. As shown in Table 3, Isolate 5 came from a region 

considerably warmer and with much more precipitation than Isolate 3. Nevertheless,
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the isolates are very similar in their phenotypic characteristics. In addition Isolate 1 

came from a region much warmer with more precipitation than Isolate 4, but both are 

very similar in phenotypic comparison.

With Isolates 1 and 4 both coming originally from gasoline contaminated 

sources and Isolate 3 and 5 from contaminated sites containing Prudhoe Bay crude 

oil, a correlation seems to exist between the kind of bacterial growth and the source of 

contaminant. Isolate 2, contaminated with diesel fuel, showed no significant

correlation to the other isolates.

These findings may warrant further application in spill cleanup strategies. For 

example, if a petroleum spill occurs and the source of this petroleum is known, this 

can be used to discern the type of bacteria most likely populating the spill site. 

Promoting the growth of bacteria already present in the spill site is the preferred 

method. With knowledge of that strain’s nutritional requirements, fertilization with 

precise amounts of inorganic nutrients needed by that specific bacterium, may 

facilitate a quicker remediation of the contaminated site. Fertilization of spill sites is 

already occurring and has shown positive results. Campbell and coworkers 

(Campbell et al., 1973) and Jobson and coworkers (Jobson et al., 1974) observed 

significantly large increases in microbial numbers when fertilizer was added together 

with oil. These studies involved adding a common fertilizer to a soil contaminated 

with hydrocarbons but without taking into consideration the source of the 

contaminant and the effect it may have in selecting certain bacteria to predominate in 

the spill site. Certain bacteria may grow and remediate faster with a different 

fertilizer. Instead of wasting valuable time determining the optimum mix of
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inorganic nutrients, it is possible that the best fertilizer is the one proven to be most 

effective at another spill site containing the same contaminant from the same source.

With so small a sample size, the correlations need further testing. 

Furthermore, there are other factors involved including soil conditions, which may 

play a role in the selectivity of bacterial strains. Genetic studies of evolutionary 

relatedness will also prove valuable and may be the next step in determining if 

hydrocarbon contaminants provide a selective pressure for genetically related

bacteria.

However, with the potential for increased rates in bioremediation, such a 

study proves valuable. In this research I have found significant correlations between 

similar bacterial growth with respect to the source of the contaminant. As 

hydrocarbon pollution grows worldwide, a strategy to combat such a problem may 

begin to unfold.

i
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