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Preface
Before embarking on the task of completing a Divisional Honors Thesis I was
advised by various Nova Southeastern University faculty that taking part in research is an
enriching aspect of the undergraduate experience. Upon completion of my freshman year
I was notified of the opportunity to take part in research with Dr. Aurélien Tartar. Dr.
Tartar and I met at the beginning of my sophomore year. At which point him and I
repeatedly met to redefine our interests and assist me in formulating a focused thesis
proposal. Both my advisor and I gained a genuine interest for the organism
Protothecawickerhamiiafter doing an extensive literature review on the organism. I saw
the medically relevant application of this human pathogen, and he saw relationships with
his prior work with obscure microorganisms. Along the way my research advisor took me
under his wing and prepared me to perform a successful presentation to Dean Rosenblum
and Dr. Matthew He.
In preparing to begin work in the laboratory Dr. Tartar made sure that I felt
comfortable with all the techniques and instruments that I had to use in my project and
slowly gave me full independence so that I could have the ultimate learning experience.
This experience allowed him to teach me basic to advanced microbiological and genetic
techniques beyond the scope of an undergraduate course. While making me fully
responsible Dr. Tartar was never too far away as he kept a close eye on my progress and
had weekly meetings with me to ensure that everything was running according to
schedule. As will be depicted later on in this thesis, there were several obstacles to over
come in process of completing this project. Each time without any doubt Dr. Tartar was
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always present to share his expertise and provide me with alternate methods to solving
the issue.
In nearing the completion of my project my advisor also provided me with very
knowledgeable insight on how to write the best thesis and coached me as to how to best
convey my information for my oral thesis defense. Each time he was happy to provide me
with constructive criticism to make me into a better scientist. Finally, after all the hard
word was completed I received acceptance of my abstract from the American Medical
Student Association 2011 conference. Dr. Tartar assisted me in designing a professional
poster to take for the conference.
Without a doubt this has been one of the most memorable and fond experiences I
have from my undergraduate education. Being able to go on to graduate school with the
knowledge and experience of seeing a project run from beginning to end will definitely
set me ahead of the rest of my future classmates. If given this same opportunity again I
would without any hesitation take the opportunity with open arms.
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Abstract
Several genes are known to be involved in pathogenic processes. Among these,
Kazal serine protease inhibitors (InterPro IPR002350) have been shown to be recurrently
used by pathogenic eukaryotes. Kazal serine protease inhibitors are involved in the
pathogenicity of Plasmodium falciparum by providing protection to parasitic proteins
from the host’s defenses. Although Kazal protease inhibitors have been associated with
the pathogenicity of several eukaryotic microbes, it is unclear if they are involved in
Prototheca wickerhamii infection. Prototheca wickerhamii is an achlorophyllic green
alga known to cause infections in humans. Olecranon bursitis, cutaneous, and bilateral
choroiditis are three types of clinical infections resulting from this facultative pathogen in
immunosuppressed hosts. Over one-third of the reported cases advanced to systemic
dissemination, some eventually led to death. The main objective of this study was to
sequence Kazal-like protease inhibitor genes from Prototheca wickerhamii and estimate
the role of these proteins in the pathogenic process. Prototheca wickerhamii has been
successfully cultured and cells collected were used for DNA extraction. Although Kazallike protease inhibitor genes have yet to be sequenced, preliminary sequence analyses
performed on 18S rDNA and β-tubulin genes revealed that two strains classified as
Prototheca wickerhamii might have been erroneously identified and may be better
represented by establishing a new genus (Pseudoprototheca gen. nov.). These findings
are crucial to establish a clear taxonomic framework for the identification of emerging
pathogens. Additional studies will be directed towards the expression of Kazal and its
involvement in pathogenicity.
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I. Introduction
Literature Review
Unlike the vast majority of green algae, Prototheca wickerhamii lack the green
pigment chlorophyll. These saprophytic algae are thought to be related to green algae of
the genus Chlorella. The classification of Prototheca wickerhamii was a topic of
controversy at one point because of its similarities to the algal and fungal groups.
Ultimately, ultrastructure analysis demonstrated that this microorganism had a plastid
with starch granules, allowing its classification as green algae (Borza et al., 2005). These
colorless organisms are commonly found in contaminated manure, sewage, soil, and
water. They grow quickly when humidity is high and organic material is abundant. The
organism is common throughout the environments of farms, particularly where there is
damp manure. Prototheca wickerhamii was first linked to mastitis in dairy cows in 1952
(Lass-Florl & Mayr, 2007). In the limited gene sequencing that has been done on
Prototheca wicekrhamii, it was determined that it has no photosynthesis-related genes
(Borza et al., 2005).

There are currently five species in the genus Prototheca: Protothea wickerhamii,
Prototheca zopfii, Prototheca stagnora, Prototheca ulmea, Prototheca blaschkeae sp.
nov., and there is a possibility of additional species, Prototheca moriformis (Lass-Florl &
Mayr, 2007), and Prototheca cutis (Satoh et al., 2010). P. wickerhamii and P. zopfii are
the two species that are known to cause disease (Lass-Florl & Mayr, 2007). Almost all
cases of human protothecosis have been caused by Prototheca wickerhamii. Therefore,
in this project, all attention will be devoted to the Prototheca wickerhamii species. In
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humans Prototheca wickerhamii is a facultative pathogen, seen in hosts that are
immunosuppressed. The two types of clinical infections that have been reported are
olecranon bursitis and cutaneous infection. In the past 25 years only 100 cases of
protothecosis have been reported, and within that number was the first case of bilateral
chorditis due to Prototheca wickerhamii (Hariprasad et al., 2005). Infection is not
commonly fatal but patients who are severely immunocompromised can develop
disseminated disease, which is often fatal. Protothecosis is a very rare infection, with
barely 100 cases reported since its initial report in 1964. Most cases have been reported
from virtually all geographic regions (Lass-Florl & Mayr, 2007).

Until now Prototheca wickerhamii has not received sufficient recognition. This
may be attributed to the fact that it rarely causes infection in humans, and those that
acquire the infection are usually extremely immunosuppressed individuals. Past literature
on this microorganism is greatly limited, and there is virtually no information on the
molecular basis of Prototheca wickerhamii pathogenicity. In Broza et al’s research
(2005) with Prototheca wickerhamii, gene sequencing was performed, but the focus of
this study did not touch upon pathogenicity. They determined that carbohydrate, amino
acid, lipid, tetrapyrrole, and isoprenoid metabolism as well as a few other reactions all
take place in the plastid of Prototheca wickerhamii (Borza et al., 2005). The data
obtained showed that the metabolism in the plastid of Prototheca wickerhamii is more
complex than the metabolism in the apicoplast of P. falciparum and the plastid of
Helicosporidium sp., one of its closest relatives (Borza et al., 2005).
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Kazal protease inhibitors (InterPro IPR002350) exhibit high probability of being
involved in the pathogenicity of Prototheca wickerhamii. The serine protease inhibitors
of the Kazal family are found in a variety of organisms, including humans. Research by
Magert et al. (1999) has identified two typical Kazal-like serine protease inhibitor motifs
from human blood filtrate. Recently, these serine protease inhibitors have been associated
with a number of pathogenic eukaryotes, including plant pathogenic oomycetes (namely
Phytophthora infestans) and the malaria parasite Plasmodium falciparum (Haldar et al.,
2006). It is believed that most pathogens share a common mechanism of pathogenicity. In
recent studies with Plasmodium falciparum and Phytophthora infestans it was understood
that they both use similar host-targeting signals to send virulence adhesins and avirulence
gene products into host cells (Haldar et al., 2006). Findings from Tian et al. (2005)
suggest that one of the strategies pathogens use to infect their host is by suppression of
protease-mediated host defenses. Secretion of serine protease inhibitors of the Kazal
family is hypothesized to providing protection to parasitic proteins from the host by
destroying the proteases that are integral parts of the host defense response (Tian et al.,
2005). In the study performed by Tian et al. (2005), an EPI10 gene, which contains three
Kazal-like domains, was up regulated during infection.
In addition to sequencing Kazal protease inhibitor genes from Prototheca
wickerhamii, second major objective was to perform a differential gene expression
analysis to determine if these genes are up regulated in conditions that mimic human
infection (human blood at 37°C). In a study performed with Cryptococcus neoformans
(the pathogen that causes meningitis; Steen et al., 2002), the ability to grow at a
temperature as high as the human body’s is seen as virulence factor, and has been
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associated with the expression of specific genes. Thermotolerant proteins allow the
pathogen to adapt and grow (Steen et al, 2002). In addition to the higher temperature, the
Cryptococcus study used human blood to reenact the pathogenic conditions within the
human host. This “rich” medium, supplemented with human blood, triggered a response
and an up regulation of genes along with the expression of genes that were not expressed
before (Bailao et al. 2006). Deriving from these prior studies it is hypothesized that the
serine protease inhibitors of the Kazal family are integral steps in the pathogenicity of
Prototheca wickerhamii, and that the genes encoding these proteins will exhibit upregulation when Prototheca wickerhamii cells are grown in a rich medium.
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II. Materials and Methods
Obtaining and growing the organism: Prototheca wickerhamii Tubaki and
Soneda, ATCC number: 30395 was obtained from the American Type Culture Collection
(ATCC). This isolate was obtained from palmar lesions of a diabetic human in San
Francisco, CA (1974). Prototheca wickerhamii was revived from the freeze-dried state in
which it was received. In preparation for the revival procedures Sabouraud dextrose broth
was prepared. 200 ml of distilled water was mixed with 6.01 grams of Sabouraud
dextrose on a heating plate set to 60°C for five minutes. The contents were evenly
divided into four flasks. Six grams of sucrose was added to one of the flasks and mixed at
10°C for five minutes. All the containers were carefully autoclaved to maintain their
sterility. The flask containing the sucrose mixture was then placed in an ice bath. 0.5 ml
of the cold liquid medium (12% sucrose) was then aseptically added to the freeze-dried
material with a sterile Pasteur pipette and mixed. Once the specimen was rehydrated 0.5
mL was transferred onto a 100 mm solidified Sabouraud dextrose agar plate (#1) and the
remainder was plated on a different agar (#2). The rehydrated specimen was carefully
smeared evenly across the surface of the agar and incubated for three days at room
temperature.
The two plates of Prototheca wickerhamii that were prepared were then
subcultured and allowed to grow over another three day period to ensure sufficient
amount of the organism was present. Additionally, a small sample of the organism was
picked up with a sterile loop and inoculated in one of the previously stored broth
solutions. The flask was then placed in an incubator on a shaker at 30°C to grow over the
next three days. After the incubation period was over the sample was observed under a

6

microscope to determine of the growth experienced on the plates and in the flask do
indeed belong to Prototheca wickerhamii (Figure 1). Two more flasks were subsequently
prepared and viewed under the microscope to ensure that consistent results were being
obtained (Figure 1).
FIGURE 1: Wet mount of Prototheca wickerhamii under 400x magnification.

Nucleic Acid Extraction: Prototheca wickerhamii cells were used to extract DNA
with the QIAGEN DNA Investigator kit as used previously with Prototheca zopfii
(Roesler et al, 2006). After growing Prototheca wickerhamii in the three flasks, its
contents were poured onto a vacuum filter to remove excess medium and collect the
necessary cells. The filter and cells were cut into equal quarters and placed in individual
1.5 ml microcentrifuge tubes. 300 microliters of buffer ATL and 20 microliters of
proteinase K were pipetted into each tube and mixed by pulse-vortexing for ten seconds.
The tubes were then placed in a hot water bath and incubated at 56°C for one hour and
centrifuge for 30 seconds. 300 microliters of buffer AL were then added and mixed by
7

pulse-vortexing for ten seconds. The tubes were then returned to the hot water bath and
incubated at 70°C for ten minutes. 150 microliters of ethanol (100%) was added and
mixed by pulse-vortex for 15 seconds. Then the supernatants of all tubes were transferred
onto a QIAamp Minielute Column in a two ml collection tube and centrifuged at 8000
rpm for one minute. The flow through was discarded and 500 microliters of buffer AW1
was added to the column. The column was then centrifuged for one minute and the flow
through was discarded. 700 microliters of buffer AW2 was added and centrifuged to
remove flow through. Another 700 microliters of ethanol (100%) were added and
centrifuged to remove the flow through. The column was then centrifuged at full speed
(14,000 rpm) for three minutes to dry the membrane completely and then placed into a
clean 1.5 ml microcentrifuge tube. This tube was placed in the hot water bath and
incubated at 56° for three minutes. 20 microliters of buffer ATE was added to the center
of the membrane, incubated at room temperature for one minute, and centrifuged at full
speed for one minute. DNA extraction was performed repeatedly as needed by following
the same protocol.

Performing polymerase chain reaction: The DNA extracted from Prototheca
wickerhamii was amplified with various primer sets, including 18S and tubulin primers,
as well as primers designed to be specific to Kazal Protease inhibitor genes. The 18S and
tubulin primers were used previously (Tartar et al., 2002). The Kazal primers were
designed from publicly available sequences (obtained from GenBank- EC182152) and
ordered for this experiment. The Taq polymerase used for all PCR reactions originated
from the Taq PCR core kit (Qiagen). To prepare a 25 microliter reaction one microliter of
DNA, one microliter of forward primer, one microliter of reverse primer, 2.5 microliters
8

of buffer, 0.5 microliter of dNTPs, 0.2 microliter of Taq polymerase, and 19 microliters
of distilled water. A master mix is prepared with these volumes in order to facilitate
pipetting and divided according to the number of reactions needed. For the 25 microliter
reaction all quantities were multiplied by four and then divided by four in their respective
tubes to add the different primers since there were four different reactions. Once the
different reactions were prepared they are placed in the PCR machine to a particular
program. PCR conditions were set to the following pattern repeated for a total of 30
cycles: 95 C for 30 seconds, 50 C for 30 seconds, and 72 C for 1 minute. Products
were visualized on a 1% agarose gel, and gels were photographed using a Kodak GelDoc
system.

Nested polymerase chain reaction: In ordinary PCR over a billion copies of a
template can be produced in a short amount of time, but consequently there is a risk of
amplifying the wrong DNA sequence. Nested PCR utilizes a second set of more specific
primers and repeats the amplification to increase the probability of obtaining the correct
sequence. For the nested PCR reaction primers Kazal F and Kazal R were used with PCR
program AT55. The second reaction was run with the same program, but this time
primers Kazal F2 and Kazal R2 were used, and the template consisted of a 1 μl aliquot of
the first PCR reaction product.

Gene Cloning: Cloning reactions were performed for genes 18S and Kazal. Four
microliters of the PCR products were mixed with one microliter salt solution and one
microliter vector. This mixture was incubated for five minutes at room temperature and
then placed on ice. One-shot E.coli cells were thawed on ice and two microliters of
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TOPO reaction were added and mixed gently. The mixture was incubated on ice for five
minutes and then heat shocked for 30 seconds at 42°C. 250 microliters of SOC medium
was added and the tubes containing the mixtures were placed on a shaker for one hour at
37°C. 25 microliters of the reaction were then placed on the center of LB plates
containing X-Gal and 50 microliters of ampicillin and spread evenly. The newly prepared
plates were allowed to incubate over night at 37°C. The plates produced a mixture of
white and blue colonies. For the purposes of the cloning reaction the white colonies are
the successful reaction products. The white colonies were used for PCR with their DNA
and the M13 primers, using the previously described PCR protocol and a Tm of 50. The
products of these PCR reactions were visualized on agarose gels, purified and prepared
for sequencing.

Sequencing of Fragments: The fragments obtained from PCR were purified using
the Qiaquick gel extraction kit (Qiagen, Valencia, CA) following the manufacturer’s
instructions. Purified PCR fragments were sequenced commercially by Macrogen USA.

Sequence Analysis: This step involved the use of bioinformatics to analyze the
data collected. BLAST analyses were performed to investigate homology for all
sequenced fragments. The area of interest in gene sequence of the Prototheca
wickerhamii was aligned with selected serine protease inhibitors of the Kazal family. The
sequences for these genes were obtained through GenBank. The alignment was done
using computer software specifically designed for this task (Clustal). Phylogenetic
analyses were performed by using the alignement as inputs for the PhyML program.
Phylogeny reconstruction included bootstrap analyses on 1000 replicates.
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III. Results
Part I: Amplification and Sequencing of 18S and Tubulin
As part of confirming the identification of Prototheca wickerhamii the amplification and
sequencing of 18S and Tubulin genes was performed. 18S rRNA is the RNA for the
small component of cytoplasmic ribosomes in eukaryotic cells. Therefore 18S is a basic
component of all eukaryotic cells. The Tubulin gene is also highly involved in eukaryotic
organisms as it takes part in microtubule formation. Both 18S and tubulin fragments were
successfully amplified (Figure 2).
FIGURE 2: Agarose gel electrophoresis of polymerase chain reaction analysis of 18S
and Beta Tubulin.

When attempting to obtain the amplification of 18S a cloning reaction was
performed. The white colonies obtained which indicate a successful clone were selected
for sequencing. The sequencing reaction obtained from this gene produced more than one
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fragment, and upon running them through the BLAST program they matched with the
expected 18S gene. The novel rDNA gene sequences generated for 18S clones P1, P4,
P5, and P6 were 869 bp, 870 bp, 869 bp, and 869 bp respectively (Figure 3).
FIGURE 3: 18S sequences.
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The generation of several 18S rDNA sequences from a single Prototheca wickerhamii
strain is consistent with a recent report (Ueno et al., 2007) and explains initial sequencing
difficulties. For the Tubulin gene there was no need to run a cloning reaction as it was
successfully detected after using the designed primers and running a PCR reaction
(Figure 2). After sending it for sequencing one fragment was obtained and once again it
matched with other Tubulin genes in the BLAST program. The novel Beta Tubulin rDNA
gene sequence was 826 bp-long (Figure 4 and 5). After confirming this result the amino
acid sequence was obtained from virtual translation (Figure 6)

FIGURE 4: Tubulin sequence.
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FIGURE 5: Tubulin sequence chromatogram.
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FIGURE 6: Tubulin amino acid sequence virtual translation.

Part II: Amplification of Kazal
A large portion of the work done on this project focused on the amplification and
sequencing of the Kazal gene. Primers were prepared using sequences from Genbank, but
unfortunately they did not yield consistent or accurate results. Further work was done on
making alternative primers that were more specific to the Kazal gene, but once again the
quality of the results was not satisfactory. Each attempt produced a band when run
through gel electrophoresis indicating that the technique used for running a PCR was
correct and that the primers were picking up their indicated segments (Figure 7), but the
sequenced segment itself (Figure 9) was not matching with the segment on Genbank.
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FIGURE 7: Agarose gel electrophoresis of polymerase chain reaction analysis of
18S, Beta Tubulin, and Kazal.

Several attempts were done using alternative methods to determine the best way to
perform the amplification, which included: PCR, altering PCR conditions for specificity,
nested PCR, and gene cloning (Figure 8 and 10).
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FIGURE 8: Agarose gel electrophoresis of polymerase chain reaction analysis of
Beta Tubulin and Kazal.

Each time that the primers were used and the amplification was performed with
the new modification a band indicating a signal was obtained. In particular, a nested PCR
product was obtained (Figure 10). The direct sequencing of this product generated a read
of poor quality (Figure 11). Therefore, the nested PCR products were cloned. Following
this cloning reaction, two clones (labeled A and D) were selected for sequencing and led
to the sequences illustrated in Figures 12 and 13. However, the sequencing results failed
to match my expectations of matching the Kazal sequence available on Genbank. In
particular, the sequences obtained from the cloned product failed to match to Kazal
sequences when verified on the BLAST program.

18

FIGURE 9: Putative Kazal sequence chromatogram 1.
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FIGURE 10: Agarose gel electrophoresis of nested PCR for Kazal.

FIGURE 11: Kazal sequence chromatogram 2.
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FIGURE 12: Putative Kazal cloning reaction A sequence chromatogram.
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FIGURE 13: Kazal cloning reaction D sequence chromatogram.

22

Part III: Phylogenic Tree
The 18S gene was used to produce a phylogenic tree to compare the strain of
Prototheca wickerhamii used in this project (ATCC 30395) with other species of
Prototheca and with the strain of Prototheca wickerhamii found in the literature for
preparing primers (SAG 263-11). As would be expected the different species of
Prototheca are distinguishable, yet close on the phylogenic tree, but the strain of
Prototheca wickerhamii used as a template for making primers is even more diverse than
all other species of Prototheca (Figure 14). Figure 14 shows that the majority of
Prototheca wickerhamii isolates, including the ATCC30395 strain, cluster in a strongly
supported clade (100% bootstrap support) that is highlighted in blue. This clade is
remarkably separated from an equally well-supported cluster that includes all other
Prototheca spp. (P. zopfii, P. moriformis, P. ulmea, P. stagnora and P. blaschkeae),
suggesting that P. wickerhamii may be excluded from the genus Prototheca. This
eventuality has been proposed previously (Ueno et al., 2005; Roesler et al, 2006). The
phylogenetic position of P. wickerhamii is also complicated by the fact that two strains
(Pore 1283 and SAG263-11) consistently appear as outgroup from the P. wickerhamii
clade (out-group strains are highlighted in grey in Figure 14).
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FIGURE 14: Phylogenic tree for Prototheca wickerhamii 18S gene.
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IV. Discussion
Upon reviewing the results obtained from the PCR and sequencing reactions for
the Beta Tubulin and 18S genes, the results follow the initial prediction that Prototheca
wickerhamii was successfully cultured in the lab. The subsequent results obtained from
gel electrophoresis illustrate that Prototheca wickerhamii DNA was also successfully
extracted and the indicated genes were amplified. This was supported by obtaining gene
sequences that were later matched utilizing the BLAST program, which reported high
matching percentage with the sequences contained in Genbank.
The same expectations for obtaining an amplified product and high quality
sequence were expected out of the Kazal gene, but unfortunately that was not the case.
Precautions were taken to carefully review previously studied Kazal-like genes and
modeling the primers used for this project. These specifically designed primers were used
in the same manner as the primers of 18S and Beta Tubulin. The PCR reactions that were
obtained from the amplification using the Kazal primers were sent for sequencing, but the
sequences obtained never matched the gene sequence in the literature. This lead to
developing more specific primers that after being amplified and sequenced continued to
pose a problem when attempting to match with the published sequences (Figures 9, 11,
12 and 13). Once again with these more specific primers the PCR amplification protocol
was repeated, but the expected results were not obtained. It was then determined that this
was not a cause of technical flaw since the primers were working, but were not producing
the Kazal sequence. Primers were designed from a sequence publicly available on
Genbank, used by another researcher on Prototheca wickerhamii but these apparently did
not work for my project. Therefore, the primers designed work on one strain of
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Prototheca wickerhamii (Prototheca wickerhamii Pore1283 and Prototheca wickerhamii
SAG263-11) but not on other strains (Figure 14). It is suspected that strains currently
identified as Prototheca wickerhamii might have been misclassified and may in actuality
be further apart due to greater diversity in phylogeny than currently presented in the
literature as is best illustrated by viewing a phylogenic tree that matches similar
organisms based on the 18S gene (Figure 14)
This inference brings into question whether or not the Prototheca wickerhamii
sequence retrieved from Genbank is in actuality Prototheca wickerhamii. This is further
reinforced by the fact that the clones produced and sequenced for 18S clustered together
in one major clade that only contained Prototheca wickerhamii and differs greatly from
all other Prototheca spp. (Figure 14). Also, it seems as if the strain of Prototheca
wickerhamii that was worked with in the lab was very different to the strain used in the
literature that presented the Kazal sequence, and is even more different from the other
Prototheca species.
This discrepancy with the two strains of Prototheca wickerhamii poses the
possibility of exposing a misclassification of the Prototheca wickerhamii strain from the
paper with the Kazal sequence. Therefore, it is possible to sequence more genes and
perform biochemical tests in order to run a comparative analysis to better classify this
organism.
Finally, to determine if the strain of Prototheca wickerhamii that was used as the
focus of this project were to have a Kazal gene in its genome, instead of running a set of
PCR reactions, and based on the unresolved phylogenetic relationship of P. wickerhamii,
it would be more effective to run a large-scale genome sequencing project and then
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through gene identification determine if this organism truly has the motif for the Kazal
gene.
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