
                                        Volume 3, Number 1 ISSN 2331-4621 

 

THE FINGER LAKES JOURNAL OF 

SECONDARY SCIENCE 

 

 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 

Edited by the science students at the Tompkins-Seneca-Tioga BOCES 

Career and Technical Education Center 

 

David M. Syracuse, Principal Editor 

 

www.fljss.com  



1 
 

TABLE OF CONTENTS 

 
Editor’s Note……………………………………………………………………………..………..2 

 

Meddling with Metal: Using Toxoplasma as a Model to Investigate 

Copper Transporters as a Target for Malaria Therapy…………….………………………………3 

 

A Passive Solar Tracker for Photovoltaic Applications……………….………………….……..16 

 

The Role of Complement Activity in the Central Nervous 

System Disorder Neuromyelitis Optica……………………………………..……………..….....30 

 

A FRET-based Approach to Understanding the Physiological 

Role of Aggregation of the Prion-related Protein TIA-1…...…………………………………....41 

 

The Effects of Incentives and Management Styles on Large vs. Small Corporations…......…….54 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2 
 

Editor’s Note 

 

 The current election cycle is one of the most contentious in recent memory.  We could point to 

factors as diverse as a changing social climate, economic stress, increased globalization or even 

technology and social media as the proximal causes of all these political shenanigans.  However, allow 

me to suggest two things that may cast this election in a slightly different light.    

First, in science, one of the first things we need to do when trying to solve a problem or find new 

information is to identify a concise problem.  Good scientists know that once the problem is identified, 

you’ve got to move on to other steps (e.g. creating a hypothesis, performing an experiment, interpreting 

results, etc.), and not dwell on the problem too much.  Second, it is not our business, as scientists, to 

assign blame for a problem.  Just because we have been unable, thus far, to determine the cause of a 

particular disease or disorder, or just because we haven’t been able to locate a black hole that is predicted 

to exist doesn’t mean that it is anybody’s fault.  It just hasn’t happened yet.   

 I think that our politicians and our population could stand to learn a great deal from scientists in 

this respect.  So much time is spent assigning blame and trying to find out the why behind a problem, that 

we run out of time, money or political capital to figure out how to solve it.  Wading into political waters 

in an ostensibly scientific publication is admittedly fraught with risks, but I posit that it makes good sense 

for one reason:  education is the solution to this problem.  So while yes, this journal is about highlighting 

the excellent work of our budding scientists, it is also a small part of a much larger plan to educate, and 

that must be, in some ways, political. 

 As an example, consider climate change.  If those people who are in some way denying its 

existence, or that it is caused by human activities were to become more educated on the subject, their 

opinions would undoubtedly change.  There’s always the chance, of course, that these people are not 

trained to be critical thinkers, in which case perhaps presenting more information would not actually 

change their mind.*  I think you know what my answer to that is – more education.  Science teachers are 

perfectly situated in our society to teach the critical thinking and research skills that (would) make our 

democracy work. 

 Even in more complex and emotionally-charged problems like cases of discrimination or abuse, 

more education is the root solution.  When people know more about other cultures or races, or when 

people are more aware of the effects that their actions (or, in many cases, inaction or negligence) have on 

others, they’re more likely to self-correct and allow society to function much more smoothly. 

 These are clearly lofty goals, but science teachers around the country and the globe can help us 

inch (or should I say 2.54 cm…) toward them.  Each student that science teachers send off into the world 

with a critical eye and a firm grip of the basic underpinnings of the way the universe works is a student 

who will make solid, fact-based decisions in the voting booth, with his or her peers, and myriad other 

places.   

 So yes, this is a science journal, but scientists have a responsibility to the political system, mainly, 

in my view, to fix it so that it functions much more like we do in our labs, and less like the comments 

section on a YouTube video.  Education, and what science teachers do every day in their classrooms is 

critical to the success of our great American experiment. 

 

 

D.M.S. 

July, 2016 

Ithaca, NY 

 

 

*See this paper on the “backfire effect” for more information:  http://www.dartmouth.edu/~nyhan/nyhan-

reifler.pdf 

http://www.dartmouth.edu/~nyhan/nyhan-reifler.pdf
http://www.dartmouth.edu/~nyhan/nyhan-reifler.pdf
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MEDDLING WITH METAL: USING 

TOXOPLASMA AS A MODEL TO 

INVESTIGATE COPPER TRANSPORTERS AS 

A TARGET FOR MALARIA THERAPY 

 

Amba Viswanathan and Gowri Viswanathan, Grade 12, Yorktown High School, Yorktown 

Heights, NY 

 

ABSTRACT 

 

Malaria is a disease that kills over half a million people per year. It is caused by the 

parasite Plasmodium falciparum. Both Plasmodium falciparum and Toxoplasma gondii are 

Apicomplexan parasites, and since the two parasites belong to the same phylum, they are 

genomically similar, which means that a finding in one could lead to a potential discovery in the 

other. T. gondii is used as a model parasite since it is easier and safer to work with than P. 

falciparum. The problem addressed in this experiment was that drug resistance is becoming an 

increasing issue in treatments for malaria. There was also very little known about the nature of 

the environment that Apicomplexa encounter in their hosts. The goal was to use copper, a 

vulnerable pathway in Apicomplexa, to learn more about the environment that parasites 

encounter in their hosts. It was hypothesized that parasites like P. falciparum and T. gondii have 

to maintain copper homeostasis and that they use copper import and export pathways found 

within them to do so.  T. gondii parasites were inoculated with various copper chelators to 

determine the effect that copper has on the parasites’ ability to replicate. It was found that one 

chelator in particular, neocuproine, was able to inhibit parasite replication, showing that copper 

is in fact necessary for Toxoplasma to replicate. Since copper is a vulnerable pathway in T. 

gondii parasites, it can be used to determine how the parasites responds to changes in their 

environment. This will lead to further understanding of the environment the parasite encounters 

in its host, which can then be used to control diseases like malaria. In the long-run, this could 

lead to a possible cure for malaria.  

 

INTRODUCTION 

 

Malaria is an extremely deadly disease that kills over one million people per year. Today, 

approximately 3.4 billion people live in areas that are at risk for the transmission of malaria. 

(WHO, 2014) Those who are at the greatest risk for acquiring malaria are young children and 

pregnant women. 90% of those who die from malaria are children under the age of five. (Kioko, 

2013) Every minute, a child dies as a result of malaria. (WHO, 2014) Pesticides like 
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dichlorodiphenyltrichloroethane (DDT) kill the mosquitos that carry malaria. However, 

mosquitoes are becoming increasingly resistant to these pesticides. This increase in resistance is 

leading to an increase in death rates caused by malaria. Other means of fighting the spread of 

malaria must be found in order to eradicate the disease.  

The goal of this study is to find out more about the environment that the malaria parasite 

encounters in its host, so that a way to kill the parasite can be found.   

Malaria is a disease that is transmitted by Plasmodium 

parasites.  The parasite that causes the most severe cases of 

malaria is Plasmodium falciparum (Figure 1). P. falciparum is 

part of the phylum Apicomplexa. Another Apicomplexan parasite 

is Toxoplasma gondii (Figure 2). T. gondii is the parasite that 

causes the disease toxoplasmosis. Since both P. falciparum and 

T. gondii are Apicomplexan parasites, they have similarities in 

their genomes. Therefore, findings in one parasite could lead to 

potential discoveries in the other. T. gondii, often known as the 

“model parasite,” is used as a model to study P. falciparum, 

which is a more difficult organism to culture. (Fox, 2009) 

Copper is a transition 

metal that is used as a 

biochemical cofactor to enzymes 

such as cytochrome c oxidase 

and superoxide dismutase. While it is a necessary nutrient for P. 

falciparum to grow and develop, copper is also toxic when it is 

allowed to accumulate. (Hood, 2012) It has the ability to 

generate reactive oxygen species. (Kenthirapalan, 2013) In 

addition, copper has the ability to cycle between reduced (Cu+) 

and oxidized forms (Cu2+). (Samanovic, 2012) From bacteria to 

eukaryotes, copper functions in oxygen reduction by cytochrome 

c oxidase leading to the formation of ATP. Free intracellular 

copper leads to oxidative stress through a Fenton-like reaction. 

In this reaction, a hydroxyl radical is produced when copper 

cycles between oxidation and reduction. Hydroxyl radicals are 

free radicals that are highly reactive. Copper also can disrupt 

iron-sulfur (Fe-S) clusters. Fe-S clusters are involved in electron transport, regulating gene 

expression, and enzyme activity (Festa, 2012).  

It has previously been shown that copper is used by the immune system to protect against 

pathogens. A deficiency of copper in mammals makes them more vulnerable to infection. 

(Hodgkinson, 2012) Copper is necessary for mammals to be able to protect against infections. 

One study showed that when bacteria were introduced into a mouse, the mRNA encoding Ctr1, a 

copper importer, increased. (Samanovic, 2012) The increase in the mRNA encoding Ctr1, 

www.nbcnews.com 



5 
 

essentially an increase in the importation of copper when faced with bacteria, showed that 

organisms use copper as a defense mechanism against pathogens. Studies have shown that the 

immune response in mammals utilizes the toxicity of excess copper to attack pathogens. Due to 

the fact that many pathogens contain mechanisms for fighting copper, it is apparent that it is 

crucial to the host’s immune system. (Festa, 2012) One example is the fungus Cryptococcus 

neoformans. Even though copper is crucial to the virulence of C. neoformans due to its many 

functions in the fungus, including the formation of melanin and respiration, a host utilizes copper 

as a defense against the fungus. C. neoformans senses and neutralizes the toxicity of copper in 

order to promote infection. (Ding, 2013) 

Bacteria have developed several mechanisms for protecting themselves from the toxicity 

of copper. In 2012, Hodgkinson published a 

landmark paper regarding how bacteria fight 

copper toxicity. A method bacteria employ 

is the use of copper exporters and importers. 

The intracellular accumulation of copper is 

regulated by transporters such as ATP7A 

and Ctr1 (Figure 3). Bacteria and archaea 

contain ATPases that are thought to play a 

role in copper export across the cell 

membrane. Bacteria such as S. aureus and 

B. subtilis export Cu(I) through the use of 

ATPases from the cytoplasm across the 

plasma membrane. (Hodgkinson, 2012)  

             Mycobacterium tuberculosis uses 

the mycobacterial copper transport protein B 

(MctB) as a protein channel to transport copper out of the cell. Another method bacteria have 

developed is the sequestration of copper, or the binding of copper to prevent toxicity. CusF, a 

copper-binding protein found in the periplasm of E. coli, functions as a copper buffer by either 

inhibiting toxic interactions with organelles, or carrying the copper to a channel that in turn 

would export it out of the cell. Like CusF, CueP in Salmonella typhimurium prevents toxicity of 

copper by binding to it. The final method used by bacteria used to protect against copper is the 

oxidation of Cu(I) to the less toxic Cu(II). One enzyme that employs this tactic is CueO in E. coli 

and S. typhimurium. (Hodgkinson, 2012) Cu(I) has a higher risk of killing bacteria than Cu(II) 

because it is able to infiltrate bacterial membranes more freely. Cu(I) also has the ability to 

inactivate iron-sulfur clusters. (Chaturvedi, 2014) 

In a study done by Choveaux in 2012, a copper chelator, neocuproine, was found to 

inhibit development of P. falciparum. This implies that copper is necessary for the parasite to 

grow and develop. This experiment found a P. falciparum copper transport protein that showed 

stage-specific localization. This means that it localized to the erythrocyte membrane during the 
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early ring stages, and then relocated to the parasite membrane during the trophozoite stage, 

showing that copper is imported and exported to maintain homeostasis. (Choveaux, 2012) 

In a study done by Asahi in 2014, P. falciparum is used as a model to evaluate the role of 

parasite copper transporters in the ability of the parasite to cause disease. The importance of 

copper to P. falciparum intracellular replication was evaluated using a variety of diverse 

chemicals to sequester copper. The study included cell permeable copper chelators as well as 

those that act to chelate copper in the extracellular environment. The results from this study 

indicated that chelation of intracellular copper resulted in a significant inhibition of parasite 

replication. (Asahi, 2014) 

As both P. falciparum, the parasite that causes malaria, and T. gondii are Apicomplexan 

parasites, they have similarities between their genomes. T. gondii, commonly known as the 

“model” parasite, is often used instead of P. falciparum in studies. As an element that is both 

toxic in high amounts but is also necessary, copper is a vulnerable pathway in Apicomplexan 

parasites. Therefore, copper can be utilized to discover what genes T. gondii turns on and off in 

the presence of it. This will enable a more thorough understanding of the environment the 

parasite encounters in its host, eventually leading to the ability to kill the P. falciparum parasite 

and eradicate malaria.  

 

PROBLEM, GOAL and HYPOTHESIS 

 

A critical problem in the control of malaria infection is the rapid emergence of drug 

resistance.  Thus, new targets and treatments are constantly required. There is also very little 

known about the environment that Apicomplexa parasites such as P. falciparum and T. gondii 

encounter in their intracellular niches. In addition, it is unknown if parasites require the ability to 

regulate copper homeostasis. The goals of this study were to identify the nature of the 

environment that Apicomplexan parasites encounter.  

The hypothesis was that Apicomplexan parasites like P. falciparum have to regulate 

copper homeostasis and that they can use parasite export and import pathways to transport 

copper. It is necessary to maintain copper homeostasis because it has been shown in previous 

studies, such as the one done by Asahi in 2014, that copper is a vulnerable pathway in 

Apicomplexa, meaning that it can be used to learn more about the parasites themselves by 

studying the environments they encounter in their hosts.  

 

METHODS 

 

To understand the effects copper has on Toxoplasma various copper chelators were 

ordered. An intracellular chelator that was used was neucuproine. An extracellular chelator that 

was used was BCS (bathocuproine disulphonate). Finally, TTM (tetrathiomolybdate) was also 

selected for this study; it inhibits copper-binding proteins through formation of a metal cluster, 

rather than by direct chelation or binding of copper ions. These three chelators were introduced 
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into T. gondii parasites’ environments to determine how the lack of copper would affect parasite 

replication. The parasites were allowed to replicate after they were inoculated with the chelators, 

and afterwards, they were counted.  

In order to inoculate the parasites with these chelators, they had to be grown on Human 

Fibroblast (HF) cells in chamber slides. 300 microliters of the HF cells plus the parasites were 

pipetted into each separate chamber. Fetal calf serum was used as a blocking reagent and as a 

blocking step for indirect fluorescence antibody staining. A solution with 10% fetal calf serum, 

PBS, and .2% Triton X-100 was made up. The Triton X-100 served as a detergent so that the 

antibody would be able to enter the host cell membrane and stain the parasite. The antibody used 

was a rabbit anti-Toxo antibody. A blocking solution with both the blocking buffer and the anti-

Toxo antibody was created. This blocking solution was then mixed with PBS to create a wash 

buffer. In order to achieve fluorescent staining, a secondary antibody was also used that 

contained a fluorochrome. The secondary antibody was a goat antibody that would bind to the 

rabbit antibody. 10 microliters of the wash buffer plus the antibodies was added to each chamber.  

The parasites were inoculated with the different copper chelators in order to test the effect 

that copper has on the parasite (Figure 4). The Prunaud or Pru strain of Toxoplasma is less 

virulent and more vulnerable than the RH strain. Two strains were analyzed, RH and Pru, to 

evaluate whether there was a difference in the dependence of different strains of the parasite on 

the availability of copper. Parasites were allowed to infect HF cells in chamber slides and four 

hours later, the chambers were rinsed to remove extracellular parasites and fresh media (for the 

control groups) or 

different copper 

inhibitors/chelators 

(for the experimental 

groups) were added. 

The parasites were 

allowed to replicate 

for an additional 24 or 72 hours to determine what effect a shorter/longer replication period 

would have on the parasites. The slides were then fixed and stained for the presence of parasites 

and the number of total parasites and the number of parasites per vacuole was examined by 

fluorescent microscopy. The number of parasites per vacuole were examined because when 

Toxoplasma parasites replicate, they do so within a parasitophorous vacuole. Therefore, in order 

to see how far the parasites replicated, the vacuoles had to be studied. Then the wildtype, which 

was the parasite without any copper chelators added to it, and the rest of the parasites with the 

copper chelators were studied under a microscope with 20 times magnification. The number of 

vacuoles with 4, 8, 16, and 32 parasites were counted as well as the number of fields. Four 

counts of 50 vacuoles were done for each chamber. 
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RESULTS  

 

             In order to evaluate whether copper is important for the replication of Toxoplasma, the 

replication of two strains of the parasite was examined in the presence and absence of copper 

chelators and a copper transport inhibitor. As shown by the charts and the graphs (Figures 5A, 

5B, 6A, 6B), Chamber 1 (untreated) showed a mean number of 21.25 vacuoles with four 

parasites, 5.5 vacuoles with 8 parasites, 5.75 vacuoles with 16 parasites, and 17.5 vacuoles with 

32 parasites in all four counts of 50. Neocuproine had a significant effect on parasite replication 

as shown for the results in Chamber 2. The numbers in Chamber 2 differed much more. The 

mean number of vacuoles with four parasites was 39.  
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  The next counts were of the Pru strain, the more vulnerable of the two strains that were 

analyzed. The mean number of vacuoles with 4 parasites was 32. The mean number of vacuoles 

with 8 parasites was 5, for 16 parasites it was 4.75, and for 32 parasites, it was 8.25. The graph 

displayed the differences in Chamber 1 in the RH strain versus Chamber 1 in the Pru strain. In 

Chamber 2, the one inoculated with neocuproine, 100% of the vacuoles had 4 parasites (Figures 

7A, 7B, 8A, 8B). 
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DISCUSSION and ANALYSIS 

 

 Since it was hypothesized that copper is a vulnerable pathway in parasites, specifically in 

Toxoplasma, the effect of copper chelators on the parasite was examined. The purpose of the 

chelators is to inhibit copper and therefore, see how the absence of copper affects the parasite. 

The way the chelator would work is through preventing the parasite from replicating. 

Toxoplasma doubles when it replicates which is why parasites were found in vacuoles in 4s, 8s, 

16s, and 32s. Chamber 1 was untreated and served as the control group. Chamber 2 contained 

neocuproine, an intracellular copper chelator. As shown in the chamber with neocuproine in the 

RH parasites, almost 100% of all of the parasites did not replicate beyond four. For the Pru 

strain, the untreated chamber (Chamber 1) had parasites replicating to reach 8, 16, and 32 

parasites. In the chamber with neocuproine for the Pru strain, 100% of the parasites did not 

replicate beyond four.  

 As can be seen through the pictures taken of the parasites at 20x magnification, there 

were clear differences in replication. The untreated parasites showed a tendency to replicate and 

the vacuoles sometimes contained up to 32 parasites. In contrast, the parasites inoculated with 

neocuproine were not able to replicate beyond four parasites. As shown in Figures 10 and 12, the 

parasites grown in the presence of neocuproine had much less parasite replication and were 

within smaller vacuoles containing fewer numbers of parasites per vacuole. With regards to the 

Pru strain, in the chamber inoculated with neocuproine, 100% of the parasites could not replicate 

beyond four. However, in the control group, an average of 16.5% of the parasites replicated to 

32. Figures 9, 10, 11, and 12 qualitatively show the size and replication differences apparent 

between the parasites that are untreated versus those that were subjected to copper chelation.  
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Statistical analysis of the collected data was done through the use of t-tests with equal 

variance. The website http://studentsttest.com/ was used to determine p-values and discover the 

significance of the results. Four counts of 50 vacuoles were done for each chamber. These were 

divided into how many vacuoles had 4 parasites, 8 parasites, and so on. When inputting data into 

the site, Chambers 2, 3, and 4 were compared against Chamber 1, the control. The numbers 

received for the four counts of 50 for only the number of vacuoles with four parasites were put 

in. The same step was repeated for the four counts of 50 of vacuoles with eight parasites and so 

forth. P-values for the two time points comparing the parasites inoculated with neocuproine and 

the parasites that were untreated were determined (Figure 13 and 14).  

These p-values confirm that neocuproine significantly inhibited replication of both the 

RH and Pru strain of the parasite. All of the p-values were less than or equal to .05 (except for 

RH and 8 parasites per vacuole) leading to the conclusion that the results are statistically 

significant and that intracellular copper is essential to Toxoplasma’s replication process.  

Chamber 3 contained bathocuproine disulphonate (BCS), an extracellular chelator, while 

Chamber 4 had tetrathiomolybdate (TTM), a copper inhibitor that inhibits copper availability 

through the formation of metal clusters. In this paper, neither BCS nor TTM were shown because 

they were found to have no effect on parasite replication. The fact that BCS did not affect 

parasite replication suggests that extracellular copper is not as important for parasite replication 

as is copper availability within the cell it has infected or within the parasite itself. Neocuproine, 

in contrast, is cell permeable and chelates copper both within the infected host cell and within the 

parasite. The fact that TTM did not affect replication is more surprising. It is possible that TTM 

was not as effective at penetrating the infected host cell and/or parasite to inhibit intracellular 

copper than it is for extracellular copper. The fact that no significant effect of the extracellular 

chelator was observed shows that the copper required by the parasite must be intracellular within 

the infected host cell, the parasite, or both.  
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A goal of this study was to learn more about the environment Apicomplexa encounter in 

their hosts. The hypothesis was that Apicomplexan parasites have to regulate copper homeostasis 

and use parasite import and export pathways to do so. The hypothesis was supported because it 

was found that copper is needed for the parasite to replicate.  

 

CONCLUSIONS 

 

The problem addressed in this study was that there is an increase in drug resistance by 

mosquitoes that carry the malaria parasite. There is also very little known about the environment 

that Apicomplexa such as the malaria causing P. falciparum encounter in their intracellular 

niches. It is also unknown if parasites require the ability to control copper homeostasis. The goal 

of this research was to identify the kind of environment that Apicomplexa encounter. This goal 

was addressed through the use of copper chelators to determine if copper is necessary for 

Toxoplasma’s replication. The chelators were used to manipulate levels of copper to determine 

how the parasite would respond to a lack of copper. Toxoplasma’s lack of replication when 

inoculated with neocuproine showed that copper is necessary for the parasite and in the future, 

can be used to determine which genes the parasite turns on and off in response to it. The 

hypothesis of this experiment was that Apicomplexan parasites like P. falciparum must regulate 

copper homeostasis and that they can use parasite export and import pathways to transport 

copper. This hypothesis was tested through the use of three different copper chelators. Two 

strains of parasites were inoculated with one intracellular and two extracellular chelators. The 

parasites were then allowed to replicate in the presence of these inhibitors to see if the lack of 

copper had an effect on the parasites’ ability to replicate. It was found that the intracellular 

chelator, neocuproine, had an effect on the parasites’ replication. In one strain of parasites, 

almost none of the parasites replicated beyond eight (78% could not replicate past four). In the 

other strain, none of the parasites replicated beyond four. The current study confirms that 

intracellular copper is important for Toxoplasma replication and that this requirement for copper 

is conserved between different strains of the parasite. 

The significance of this project is that copper import and export is a potential pathway to 

be targeted in Apicomplexa. It can be utilized to control disease and can lead to a possible cure 

for malaria. Because both Toxoplasma and P. falciparum are Apicomplexan parasites, they have 

similarities in their genomes as well as their structures. Therefore, a finding in one could lead to 

a finding in the other. Toxoplasma is used as the “model parasite” to study P. falciparum. Since 

copper is a vulnerable pathway in Toxoplasma, it can be used as a tool to see which genes the 

parasite turns on and off in the presence of copper, leading to a more thorough understanding of 

the parasite’s internal environment. The long-term goal of this project would be to utilize 

findings made through Toxoplasma to help cure malaria, a deadly disease that affects 300 to 500 

million people yearly. (Johns Hopkins, 2014) 
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FUTURE RESEARCH 

 

For future research, copper transport pathways would be used as mechanisms to transport 

anti-malarial drugs to the Toxoplasma parasites. Future research will also involve studying the 

effects of other transition metals such as zinc on Apicomplexan parasites. The possibility of 

designing drugs that target the ability of the parasite to eliminate copper through copper 

exporters will also be looked at. Another aspect of future research will be the building of a 

construct that will be electroporated into the parasite. The construct will be tagged with a YFP 

plasmid so that its location in the parasite can be determined. Bioinformatic analysis will be used 

to identify potential copper transporters unique to Toxoplasma and shared between Toxoplasma 

and P. falciparum. Studies will be initiated to endogenously tag the putative transporter with a 

YFP fluorescent tag that can be used to track the location of the putative transporters throughout 

the parasite’s replication in HF cells and during its differentiation between the tachyzoite and 

bradyzoite form, the mediators of acute and chronic infection respectively.  The copper 

transporters will also be deleted in Toxoplasma to directly evaluate their individual role in 

parasite replication and tachyzoite to bradyzoite conversion. If key copper transporters can be 

identified in the parasite that are important for parasite replication then these could be used as 

potential therapeutic targets as they appear to be distinctly different from copper transporters in 

humans. Copper transporters that share homology between Toxoplasma and P. falciparum may 

be attractive therapeutic targets as they might represent vulnerabilities in Apicomplexa parasites 

in general that could be exploited in drug design. 
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ABSTRACT 

 

              Solar power is a rising source of clean and sustainable energy. However, innovations 

must be made in order for solar power to compete against the fossil fuels that supply 87% of the 

world’s energy. One innovation that can be done right now is the addition of a solar tracker. 

Most solar tracking systems require electricity to operate, which diminishes the benefit they 

provide. The goal of this research was to manufacture a mechanical solar tracker, and determine 

if it rotates towards a light source. The tracking system used a novel mechanism: the rotation of 

bimetallic coils. Two helical bimetallic coils that rotate in opposite directions were placed along 

an axis, with shading units surrounding them. The shading units manipulated light to heat one 

bimetallic coil more than the other, depending on the sun’s location. The hotter coil would rotate 

more than the other, and as a result, the axis would rotate towards the light. Testing involved 

moving a lamp focused at the tracker back and forth. The tracker was successfully able to follow 

the light in this test, accomplishing the immediate goal of the research. The future of the tracking 

system includes design modifications to increase accuracy. 

 

INTRODUCTION 

 

 Solar energy has the most energy potential of all alternative energy sources, evident by 

the fact that every hour Earth receives enough solar radiation to supply the world’s energy needs 

for over a year [1]. To efficiently harness solar radiation and convert it into usable energy, there 

are many challenges to overcome. Top among these challenges, is affordability. Solar panel 

technology has made great progress in the past few years increasing cost-effectiveness; however, 

if solar power is to truly compete with fossil fuel energy sources, it must become less expensive 

than these traditional energy sources [2]. Compared to the average fossil fuel prices of 3-15 

cents/kWh, solar power in geographical locations with high DNI (direct normal irradiance) is 

approaching of 25 cents/kWh [2]. Innovations are needed to increase the cost-effectiveness of 



17 
 

solar panels. One innovation that can be implemented immediately and effectively is 

incorporation of a solar tracker. This addition would create a 90 degrees angle of inclination 

throughout the day. The perpendicular, or normal, irradiance would bolster the amount of 

electricity produced. In this research, the goal was to create a novel solar tracking method. 

 

Solar Tracking Premise 

One method to boost the efficiency of inexpensive silicon solar panels is by incorporating 

solar tracking systems [3]. Tracking systems angle solar panels towards the sun so that they 

receive normal (perpendicular) irradiance. With a perpendicular angle towards incoming 

radiation, more electricity is produced. This is because normal irradiance causes more photons 

(subatomic packets of light energy) to react with the solar panel, and thus more electricity can be 

generated [4].  While fixed solar panels may have normal irradiance for approximately an hour 

midday, the tracking solar panels will have it the entire day [3].   Because the tracking system 

enables the solar panel to receive direct normal irradiance throughout the day, there is a great 

boost in efficiency (see figure 1). By adding tracking systems to solar panels, the efficiency 

increase is approximately 30% [5]. However, solar trackers do have drawbacks that must be 

addressed for widespread commercial acceptance.  

 

Solar Tracker Types 

There are two main types of solar trackers, active (electrical) and passive (mechanical). 

Active trackers use motors or other electrical devices to track the sun while connected to a light 

sensor, while passive trackers manipulate temperature to tilt the solar panel. Both types have 

limitations that must be considered, such as cost, durability, energy consumption (when dealing 

with active trackers), maintenance, and performance [6]. Ideally a tracker should be inexpensive 

to install, require limited maintenance, consume no electricity, and still boost the efficiency of 
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the solar panel. Based upon these standards, active trackers are deemed unsatisfactory because 

they consume electricity (from 1-5% of system). In spite of this, active trackers are the most 

widely accepted type thus far [7]. Of the passive trackers, the majority use two fluid-filled 

cylindrical tubes on either side of the solar panel, each tube being equidistant from the central 

pivot (see figure 2). By using well-placed shading units, the sun heats one canister more than the 

other, thus the fluid expands and moves to the other side. This shift in weight causes the panel to 

tilt in the direction of the sun [7]. While newer and better tracking systems are always being 

researched, they are still limited by their short lifespan. Tracking systems usually have a two to 

ten-year lifespan (due to maintenance on the system), compared to fixed solar panels that have an 

average of 25 years of functionality [8]. Based upon this fact, even the best tracking systems 

require maintenance fifteen years before a fixed solar panel would. Research associated with 

lengthening lifespan, increasing efficiency, and decreasing cost is needed to make solar trackers 

a more commercially viable option.  

A recent approach to a passive solar tracker utilizes the thermal expansion of bimetallic 

sheets [7]. Bimetallic material is anything with two different metals put together. Different 

metals expand and contract at different rates, and therefore unique bending properties are 

obtained through bimetallic materials. For example, the alloy invar has a thermal expansion 

coefficient of 1.2 ppm/ºC while aluminum coefficient is 23.1 ppm/ºC. When a bimetallic sheet is 

fixed horizontally at two opposite edges, temperature change will cause the bimetallic sheet’s 

midpoint to bend either upward or downward (see figure 3). Similar to the common passive 

tracking systems that utilize fluid transfer, suitable shading is set up on either side of the solar 
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panel (see figure 2). Each bimetallic sheet has a weight attached to its midpoint, and when heated 

the sheet is situated to expand upward.  

As one bimetallic sheet is heated more than the other due to the shading, that sheet 

expands. Meanwhile, the other sheet expands downwards because it is being cooled in the shade. 

Due to the different expansion directions between the bimetallic strips, an imbalance is created, 

which causes the panel to tilt towards the sun. It was found that by using bimetallic sheets, the 

efficiency compared to fixed solar panels went up to about 23% [7]. The greatest issue with this 

tracker has been that the design is limited to a horizontal axis. The balance shifts would not be as 

effective if the solar panel was set on a tilted axis. A passive tracker with bimetallic sheets would 

be ineffective when on a tilted axis because the tilting is based upon gravity, limiting the axis to 

be near or completely horizontal. Therefore, it is not feasible to use a passive tracker with 

bimetallic sheets in regions more than 23.5º latitude away from the equator [7]. This is because 

those regions require a tilted axis, which this tracker cannot provide. It may be one of the best 

passive trackers in equatorial regions, where approximately 30% of the world’s population 

resides. In spite of this, the 23% efficiency percentage achieved with this novel tracker is a great 

feat for the progress of passive solar trackers [7].  

 

Problem 

While solar trackers boost the electrical production of solar panels, most require 

electricity (approximately 5%) to operate and therefore diminish their benefit. An ideal solar 

tracker should require no electricity to operate, have high reliability, have a simple and cheap 

installation, and require limited maintenance. Numerous passive tracker designs must be 

evaluated and elaborated upon in order to create the ideal tracker. 

 

Goal / Hypothesis 

As opposed to the prior research experiment that incorporated bimetallic sheets, the goal 

of the tracking model in this research was to use bimetallic coils. Bimetallic coils rotate when 

exposed to heat flux, and thus the bimetallic coils would directly rotate an axis. By setting up 

two bimetallic coils on an axis and adding properly positioned shading units (their positioning 

will be discussed further on), it was hypothesized that the axis would rotate towards a light 

source. The passive tracker with the bimetallic coils would overcome an issue found when using 

bimetallic sheets. Due to the fact there there is no balancing involved with bimetallic coils, the 

tracker would be able to effectively function on a tilted axis.  

 

METHODS 

 

For the first prototype of the tracker it was most important to determine that the design 

did in fact rotate when exposed to a light source. Since the purpose focuses solely on the tracker, 

no solar panel needed to be added to the axis. The goal was to see if the tracker was able to 

rotate, and the solar panel has no effect on the rotation mechanism. Also, the first model only 

[9] 
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rotated upon a single axis, a dual-axis system could be added in future models. The solar tracker 

was developed using only the components needed to make it move. This novel tracker design has 

the potential to revolutionize the world of passive solar tracking. 

 

System Design 

System design was kept as simple as possible, only adding the parts necessary for the 

movement of the tracker. The entire device contained six key components (see figure 5): the two 

bimetallic coils, the two shading units, the axis of rotation, and the base. The bimetallic coils 

were in a helical structure (see figure 4) to maximize the surface area and therefore light 

absorption. Each helical coil was placed on either side of the axis and rotated in opposite 

direction.  

 Figure 5.  Overview of device. 

 

Placement matters, as the coils must rotate in the opposite and proper direction when 

exposed to light. The proper direction of rotation for the coil when being heated is towards the 

light source. The different sides of expansion in figure three refer to the two different metals 

used in the bimetallic coil. In the design, one end of each coil was connected to the base, while 

the other side was connected to the axis. This enabled the coils to rotate the axis. Once the coils 

were in place, shading units were set up surrounding them to provide proper lighting. The 

shading units’ center was located on the axis, and from the center expanded out circularly. The 

shading units were aligned so that one coil receives more light than the other (see figure 5). Not 

only were shades attached to the circle jutting out from the axis, but also reflectors were placed 

on the bottom. A reflective material made from Reflexite Corporation was used to reflect the 

light, due its very high reflectivity of 95%.  Once the bimetallic coils and the shading units along 

with their axis were placed onto the base, the device was complete.  

 

 



21 
 

Bimetallic Material Properties 

To understand 

how the solar tracker 

operates, the bimetallic 

coil operation must first 

be explained. Bimetallic 

sheets are made from 

two different alloys of 

metal that stick together 

through means of cold 

bonding. Cold bonding 

is when two substances 

are physically put 

together at room 

temperatures, most 

commonly through 

means of adhesion (see 

figure 3). The two alloys 

that are bonded to each other have vastly different coefficients of thermal expansion, which is 

how quickly their size changes based upon temperature change.   

When the temperature increases, the high thermal expansion side elongates more than the 

side of low thermal expansion. The low expansion side is most commonly composed of the alloy 

invar, which contains 36% nickel and 64% iron. The high expansion side commonly contains 

alloys made from manganese, nickel, copper, and/or iron [9]. These were also the materials used 

in this research experiment. The different rate of expansion between each side causes the strip to 

bend when heated, concave on the low thermal expansion side and convex on the high thermal 

expansion side. The effects are the opposite when the temperature reduces, because the side of 

high thermal expansion also retracts at a much faster rate than the side of low thermal expansion. 

For this experiment, the bimetallic sheets were coiled, with the high expansion side on the inner 

side of the coil. Since the inside expands more than the outside of the coil, it unwinds when 

heated (see 

figure 4). 

The coil will 

rotate in one 

direction 

when being 

heated, and 

because it is 

in a helical 

shape it will 
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absorb more light and thus be heated more quickly. This rotation of the coil is the central 

mechanism to the operation of the solar tracker.  

 

Assembly of the Bimetallic Coils 

 The bimetallic coils were made from bimetallic sheets that initially had a width of 4.5 

mm and a thickness of 500 microns. The high expansion side in this bimetallic sheet was 

composed of 72% manganese, 18% copper, and 10% nickel. The low expansion side was 

composed of invar (36% nickel, 64% iron). All the metals used were inexpensive and abundant, 

reducing the cost of the overall solar tracker [9]. A rolling machine (see figure 6) was used to 

thin and elongate a piece of the bimetallic sheet to a thickness of approximately 200 microns. 

Due to the rolling of the bimetallic sheet, the width was doubled in size, and then two thirds was 

cut away, leaving the bimetallic sheet with a width of 3 mm.  

The thinner and 

narrower sheet was ideal 

because the sheet bends 

more when thin and can be 

coiled more times when 

narrow [9]. The sheet was 

placed into a furnace of 

600º Celsius to anneal the 

metal. Annealing metal is 

heating morphed metal in 

order for it to maintain 

strength. When the 

bimetallic sheet was taken 

out of the furnace, it was 

helically wrapped around 

an ordinary screwdriver 

with a diameter of 5 mm. 

The high expansion side 

was on the inside of the coil 

because in order for the coil to rotate properly, the inside must expand more than the outside. 

After the sheet was successfully coiled around the screwdriver, it was once again annealed to 

preserve the metal’s physical properties. The finished bimetallic coil was then withdrawn from 

the furnace. There were 30 turns, and so it was cut at the fifteenth turn to create two equally 

sized coils of 15 turns each, as shown in figure 4. Then, using a Sharpie marker, the bimetallic 

coils were colored in black so that they would absorb more light. The bimetallic coil was 

exposed to an ordinary desk lamp of 200 watts to see how much it rotated. It rotated 

approximately 90 degrees. Once the bimetallic coils were verified to rotate when illuminated, the 

rest of the tracking system was constructed. 
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Assembly of Shading Units, the Base, and the Axis 

For the axis, a brass shaft with a diameter of 1.5 mm was used. That diameter was an 

ideal width because it was small enough for the bimetallic coil to fully wrap around it without 

touching, and large enough to still support the coils and shading units. A 3D printer was used to 

create the shading units and the base. The designs of those components were planned initially in 

the drawing program Google Sketchup, and then finalized in a CAD drawing. They were then 

printed from this CAD drawing (see figure 7). All the printed parts are made of a black plastic.  

 

When all the 

key components were 

made, the device was 

then put together. 

Some tweaks to the 

printed parts were 

required in order to fit 

the components 

together. The top of 

the base had grooves 

dug into it to create a 

place for the axis to 

rest, and the shading 

units had a 1.3-millimeter diameter hole dug through the center along with slits around that hole. 

The hole was for the 1.5-millimeter diameter brass shaft to go through it. The axis was pressed 

through the hole that was in fact smaller than its diameter in order to ensure that the shading 

units rotated with the axis without any slippage. The slits that were dug into the inner part of the 

shading units were there for the bimetallic coils. Each slit was made so that the bimetallic coils 

could easily slide into the shading units and exert their torque upon the axis through the shading 

units. By using this method, the bimetallic coils did not need to be soldered to the brass shaft, 

simplifying the device. The coils, however, were soldered to sheets of copper that were 

connected to the base. The copper sheets were fastened to the base through use of a simple screw 

and a washer. With all the major components put together, the device was nearly complete.  

 

Final Details and Testing 

Two small features were then added as final improvements. One of these features was the 

reflective material placed on the bottom of the shading units. The reflective material used was 

made by Reflexite Corporation. This material is highly reflective and adhesive, making it a great 

choice to act as the reflector because it can stick to the plastic reflector placeholders. The second 

feature was to add aluminum foil over the exposed black plastic. This was to prevent the plastic 

from overheating. Now the device was complete, and was ready to be tested. The testing was to 

verify it rotates in the correct direction. A heat lamp of 1000 watts was used to simulate the sun. 
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The lamp was initially placed directly where the solar tracker was facing, and was then moved 

horizontally left and right in order to view the tracker’s rotation in both directions. A pointer 

attached to the axis was pointing to a vertical ruler in order to see how much the tracker rotated 

with the light source movement. The lamp was moved further away from the solar tracker twice 

from its starting point, and towards the tracker three times. It was moved one centimeter per 

movement, so it covered a total of 5 centimeters in movement. The tracker responded correctly 

and rotated towards the light source whenever it moved.  

 

RESULTS AND DISCUSSION 

 

Data 

After testing was complete, the movement of the solar tracker compared to the movement 

of the light source was recorded. Before even calculating the angles, it was evident from the raw 

data that a linear relationship was present. When the light source moved, the tracker rotated 

towards it. This was clear during experimentation because of the aluminum foil pointer placed 

upon the axis (see figure 8). The pointer’s displacement compared to the light source’s 

displacement was a direct relationship. Trigonometry was used to determine the angles of 

depression of the light source and of the tracker to further support the linear relationship between 

the tracker and the light source (see figure 9).   
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In theory, their 

displacement should be 

equal, but that was not what 

the calculations revealed. It 

was observed that the 

angles do not change an 

equal amount when the light 

source is moved; the 

tracker’s angle changed by 

approximately half as much 

as the light source’s angle 

did. The bimetallic coil was 

previously determined to 

rotate 90º when observed 

under a 200-watt desk lamp, 

so there must be force 

acting against its 

movement. That force is the mass of the shading units that were fixed on the axis. This 

restriction of rotation could be remedied in future generations by using less massive shading 

units. The solar tracker’s angle did change, demonstrating that it did in fact rotate in the correct 

direction. The angle calculations and the raw data are shown in the data table below.  

As shown, the angle of the tracker was calculated using the pointer displacement and the 

length of the pointer. The measurements were taken in millimeters (which were then used to 

calculate the tracker and source angle displacement). It is clear here and in the graph that the 

tracker’s angle was approximately half of the light sources angle. A graph displaying the 

correlation between each angle is shown in figure 11. 

In this graph there is a direct relationship between the different angles. The units were in 

degrees for this graph, as it compares the angle displacement of both the tracker and light source.  

This is undisputable evidence that the tracker works, it moves when the light source does and it 

moves in the correct direction. Due to the static friction, some small inconsistencies are visible in 

the graph. As the tracker attempted to follow the light source, it rotated erratically because of 

static friction. However, that is due to the excessive mass on the axis that can be reduced in 

future models.  

 

Discussion and Evaluation of System Design 

The results showed a direct relationship between the angles of the tracker and light 

source, indicating that a solar tracker made from bimetallic coils is functional. The hypothesis 

that the solar tracker would follow the light source was correct. With the observed data, more 

and more models of this solar tracker may be developed. These novel bimetallic coil solar 
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trackers may be instrumental in boosting solar panel efficiencies inexpensively. While there are 

issues such as static friction and inaccuracy in this first model, it still does rotate in the correct 

direction as the light source moves. The objective was to create a solar tracker using bimetallic 

coils, and that is what was created and tested to function correctly.  

 

 

The accuracy of the tracker can be calculated by comparing how much the angle 

changed, with how much it should have changed. The angles between the light source and the 

tracker were shown to be statistically significant (p<.01). This once again highlights that there is 

a great correlation between the angles (see figure 11). The ideal displacement of the solar tracker 

should equal to the amount of change in the light source’s angle, but that was not observed. 

Based off of these first tests, which showed that the tracker’s angle changed half as much as the 

light source’s angle did, it was found that the tracker’s accuracy was 50% (see figures 10 and 

11). It should be noted that this was one of the first solar tracking models of this type, and 50% 

accuracy on the first attempt is a reasonable start. The most similar prior solar tracker was 

developed in 2004 and used bimetallic sheets to shift weight and that imbalance is what rotated 
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the tracker. While this model was also found to be effective, it cannot function with a tilted axis 

and therefore is not applicable in regions far from the equator. The model produced in this 

experiment is completely functional with a tilted axis, eliminating that issue.  

 

CONCLUSIONS 

 

The goals of this research project were to build a solar tracker composed of bimetallic 

coils, and to test its functionality. Most passive trackers are made from liquids that move from 

side to side and cause the panel to tilt due to balance shifts. That type of setup poses issues, 

which are minimized in the bimetallic coil setup. As shown by this first model, there is very 

promising evidence that the bimetallic coils can contribute to efficient passive solar trackers.  

It was found that the tracker properly rotated according the lamp’s movement. While the 

movement was only half of what the light source moved, it was still a great stride in the right 

direction. The most probable reason why the tracker only rotated half as what it should have is 

because of the preload on the axis, restricting the coils. This issue also caused static friction, 

where the coils remained still until they gained enough torque to quickly move the axis. In spite 

of these issues, the tracker still was able to successfully react to the light source’s movement. 

Although the mass of the shading units is an issue in these tests, it also may inspire the use of 

these solar trackers in space. The bimetallic coils provide low torque, very low mass, and 

possibly accurate solar tracking. All qualities that make bimetallic coils viable for space use; 

they could help provide power to satellites.  

 

FUTURE RESEARCH 

 

There are many aspects of this project to expand upon in the future. One improvement to 

the design of the solar tracker is to add another axis. However, before this can be done, the 

preload must be reduced. Therefore, decreasing the weight of the system or increasing the torque 

of the bimetallic strips is required.  

To reduce preload there are many possibilities. Instead of having filled shading units, 

scaffolding may be used to reduce the mass. The reflective material could go over the 
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scaffolding. Also, improved methods for concentrating the light should be researched. While the 

light was clearly enough to get the coils to rotate, more effective optics may increase 

effectiveness of the coils. The bimetallic coils should also be modified in the future. It would be 

ideal to increase their amount of torque. There are many variables that affect the torque of the 

bimetallic coils, including the amount of turns present, the thickness of the strip, and the length.   

In addition to this bimetallic coil solar tracker, there should be research focusing on 

different designs for fluid-based solar trackers. One possible design involves the utilization of a 

bent heat pipe, with two copper plates attached to its ends. A heat pipe is filled with a working 

fluid. When one side is heated, the liquid vaporizes (absorbing heat) on one side, and condenses 

on the other (releasing heat). The condensate would then normally be transferred back to the 

evaporator side due to either capillary action or gravity, to continue the heat transfer cycle. This 

tube is bent to approximately 90 degrees, with two blackened copper plates attached to it 

perpendicularly at either end (see figure 12).  

Shown in the figure, without requiring any shading units, the further side would absorb 

much more heat than the closer side. This would cause the fluid in the heat pipe to move to the 

closer side, and thus the axis would tilt towards the light source. The transfer would only stop 

occurring when the heat pipe reaches equilibrium. The primary advantage of this design is its 

simplicity, rendering it inexpensive and mass-producible. Both the bent heat pipe solar tracker 

and the bimetallic coil solar tracker are novel solar tracking methods, and inspire future research.  
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ABSTRACT 

 

Neuromyelitis optica (NMO), an inflammatory demyelinating disease of the central 

nervous system, causes optic neuritis and paraplegia. In NMO, anti-aquaporin-4 autoantibodies 

(AQP4-Ab) cause damage to astrocytes by activating complement-dependent cytotoxicity 

(CDC). Whether AQP4-Ab is solely a seromarker for NMO or whether it plays a direct role in 

the pathophysiology of NMO remains unclear. The effects of AQP4-Ab and complement 

activation on primary rat cortical astrocytes were studied using a CDC assay. In the presence of 

complement proteins, increasing doses of AQP4-Ab induced greater levels of astrocyte cell 

death, suggesting a direct role of AQP4-Ab and complement activation in NMO 

pathophysiology. In addition, an antibody specific to a complement protein was able to inhibit 

astrocyte cell death. These studies demonstrate a direct role of AQP4-Ab and complement in the 

induction of astrocyte cell death seen in NMO. Importantly, use of a targeted anti-complement 

antibody could be a potential therapeutic strategy for NMO.  

 

INTRODUCTION 

 

Neuromyelitis optica (NMO) is an autoimmune disease of the central nervous system 

(CNS) that mainly affects the optic nerve and spinal cord. Currently, there are approximately 

4,000 people in the United States and 500,000 worldwide affected with NMO (NMO Nat MS 

Soc).It is characterized by recurrent attacks of optic neuritis and transverse, longitudinal 

extensive myelitis (Chihara, 2011; Howe, 2014). Even a single attack of NMO can leave patients 

with serious neurologic deficits, including total blindness and paraplegia (Wingerchuk, 2007; 

Jarius, 2008). However, the pathophysiology of NMO is still not well understood, delaying 

development of specific treatments for the disease. The complement system, a cascade of 

proteins that when activated results in cell lysis during the immune response (Figure 1), has 

recently been shown to be involved in NMO disease development (Howe, 2014). The goals of 
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this study were to evaluate the role of the complement system in NMO 

progression and the use of an antibody against a complement protein as a 

potential therapeutic treatment for NMO.  

In the past, NMO was often misdiagnosed as multiple sclerosis 

(MS); however, NMO can now be distinguished from MS, primarily on 

the basis of serologic criteria (Wingerchuk, 2006). Specifically, updated 

diagnostic criteria for NMO center on seropositivity for an antibody 

against aquaporin-4 (AQP4). AQP4 is the most abundantly expressed 

water channel in the CNS. It is expressed in the plasma membrane of 

astrocytes located throughout the CNS, specifically in the astrocyte foot 

processes (Figure 2), in the glia limitans, and in the ependyma (Tait, 

2008). In the CNS, the function of AQP4 is to aid in brain edema 

formation and elimination, astrocyte migration, and neuronal excitability 

(Tait, 2008; Verkman, 2006). The presence of the serum autoantibody 

marker, AQP4-Ab (also known in the literature as NMO-IgG) is highly 

specific for NMO (Wingerchuk, 2006; Lennon, 2004). Contemporary 

measurements of AQP4-Ab using recombinant antigen-based assays 

demonstrate that 88% of NMO patients are seropositive for AQP4-Ab 

(Jiao, 2013).  

Whether AQP4-Ab is merely a seromarker for NMO or whether it 

plays a role in the pathogenesis of the disease is a topic of intense debate. 

Evidence against a pathologic role for AQP4-Ab is indirect: NMO is 

associated with demyelination, but the myelin-producing cells in the CNS, 

the oligodendrocytes, do not express AQP4 and therefore, would not be 

able to interact directly with antibodies against AQP4 (Saadoun, 2010). In addition, even though 

aquaporin is expressed throughout the CNS and in other peripheral organs (eg, skeletal muscle 

cells in kidneys, lung, and the gastrointestinal tract), the presence of NMO lesions is restricted to 

the optic nerve and spinal cord (Lennon, 2005; Frigeri, 1995). Most of the evidence that 

supported a role for AQP4-Ab in NMO was also indirect: titers of AQP4-Ab closely correlate 

with disease severity (Takahashi, 

2007) (Figure 3), and the removal 

of AQP4-Ab by therapeutic 

plasmapheresis can be effective in 

alleviating NMO symptoms (Jarius, 

2008).  

Today, it is thought that 

AQP4-Ab causes NMO pathology 

by binding to AQP4 on astrocytes 

resulting in complement-dependent 

cytotoxicity (CDC) and 
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inflammation, blood-brain barrier 

disruption, secondary demyelination, 

oligodendrocyte injury, and neuronal 

injury (Figure 4) (Howe, 2014). In 

addition, most recently, an essential 

role for both AQP4-Ab and 

complement proteins in the 

development of NMO has been 

directly demonstrated. In tissue 

samples from NMO patients, 

complement proteins and 

immunoglobulin have been shown to 

be localized in the perivascular 

region where loss of AQP4 was 

observed (Misu, 2007; Roemer, 

2007). In vivo, coinjection of AQP4-

Ab–containing serum with human complement into the mouse brain produced histologic features 

consistent with NMO (Saadoun, 2010). Therefore, current thinking is that in addition to AQP4-

Ab, the presence 

of a component of 

the humoral 

immune system, 

specifically 

proteins of the 

complement 

system, may be 

required for the 

induction of 

AQP4-mediated 

pathology seen in 

NMO (Chihara, 

2011). 

 

PROBLEM STATEMENT AND GOALS 

 

It has been demonstrated that blocking the complement pathway leads to prevention of 

further astrocyte damage. The goals of this study were to: 

1. Confirm the role of complement proteins in the destruction of astrocytes from rat 

cortical tissue by demonstrating the cytotoxicity of astrocytes in the presence of 

AQP4-Ab plus normal human serum (NHS) in vitro.  
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2. To investigate whether a newly developed antibody specific to a complement protein 

would block this astrocyte destruction in vitro (Figure 5). 

 

 

 

 

HYPOTHESIS 

 

Based on the fact that recent literature suggested a direct involvement of both AQP4-Ab 

and complement in the pathophysiology of NMO, it was hypothesized that:  

1. AQP4-Ab would induce astrocyte cytotoxicity in the presence of NHS.  

2. An antibody against a complement protein will protect the astrocytes from cell death 

via CDC. 

 

METHODS 

 

In order to demonstrate that both AQP4-Ab and complement play essential parts in the 

cell death and pathophysiology associated with NMO, multiple procedures were performed. In 

vitro, primary rat cortical astrocytes were cultured with AQP4-Ab and complement proteins to 

demonstrate cell-mediated cytotoxicity. Then the experiments were repeated in vitro with 

addition of an anti-complement antibody to demonstrate blocking of the astrocyte cell 

destruction to determine the potential of an anti-complement antibody as future treatment for 

NMO patients.  

 

Primary Astrocyte Cell Culture 

Cerebral brain cortical tissues were obtained from postnatal rat pups by professional lab 

research associates, placed in PBS, minced with a scalpel, and incubated with the digestive 

enzyme papain at 37°C for 60-75 minutes in a 5% CO2 incubator in order to dissociate the cells. 

After incubation, the tissue was transferred to 8 mL of Lo Ovo (low ovomucoid) solution. A 

single cell suspension was created by repeated comminution with additional Lo Ovo. The cell 

suspension was filtered, single cells were centrifuged into a pellet, the Lo Ovo supernatant was 

aspirated, and the cells were resuspended in 1-2 mL Hi Ovo. The cells were spun again, 

resuspended in Dulbecco's Modified Eagle Medium (DMEM) for astrocytes with 10% fetal calf 

serum [FCS], additional nutrients, and antibiotics), transferred to tissue culture plates, and 

incubated at 37°C in a 5% CO2 incubator for 2-3 days in order to allow for cell growth. After 2-3 



34 
 

days, the plates were washed with PBS and shaken to remove microglia and oligodendrocytes. 

The remaining cells were placed back in astrocyte media and cultured for another 2 days (Figure 

6). To remove fibroblasts, media containing Ara-C was placed in the cultures; Ara-C is a DNA 

synthesis inhibitor which kills the more rapidly-dividing fibroblasts but spares the slower-

growing astrocytes. After 2 days, astrocytes were split, and then maintained in astrocyte media at 

70-80% confluence.  

 

Immunofluorescence Staining of Primary Astrocytes  

Astrocytes were plated on coverslips in 24-well plates; the coverslips were then fixed in 

4% PFA (paraformaldehyde) for 10 minutes and washed for 5 minutes 3 times in PBS. Blocking 

solution was prepared with 5% normal goat serum (NGS), 0.1% Triton, and PBS. For 1 hour, 

500 uL of blocking solution was in each well of a 24 well plate containing the coverslips. 

DAPI (4',6-diamidino-2-phenylindole), a fluorescent stain that binds strongly to A-T rich regions 

in DNA, was used to stain cell nuclei. The three primary antibodies used were diluted in PBS: 

human AQP4-Ab (against aquaporin-4) was diluted 1:5000; rabbit GFAP-Ab (against glial 

fibrillary acidic protein, a protein found in astrocytes and other cells of glial origin) was diluted 

1:500; and IgG negative control antibodies were diluted 1:5000. The two secondary fluorescent 

antibodies (goat anti-human and goat anti-rabbit) were diluted 1:1000 in PBS. The goat anti-

human was used to detect the human AQP4-Ab and the goat anti-rabbit was used to detect the 

rabbit GFAP-Ab (as described in Figure 7). While the coverslips were flatmounted, Permamount 

was used with DAPI for coverslips and Vectashield was used with DAPI for the remaining wells. 

Fluorescent images were obtained and analyzed using a Nikon Eclipse TI-E digital camera.  

https://en.wikipedia.org/wiki/Fluorescence
https://en.wikipedia.org/wiki/Staining_(biology)
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Glial_fibrillary_acidic_protein
https://en.wikipedia.org/wiki/Glial_fibrillary_acidic_protein
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Glial
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Complement-Dependent Cytotoxicity Assay 

Both qualitative (calcein/propidium iodide assay; eBioscience, 2010) and quantitative 

(CytoTox-Glo™ Cytotoxicity Assay; Promega, 2015) assays were used to detect destruction of 

astrocytes by AQP4-Ab plus complement.  

The calcein in the calcein/propidium iodide assay is a nonfluorescent dye which is 

converted to a fluorescent dye by intracellular enzyme activities present in live cells; therefore, it 

is used to quantify live cells. Propidium iodide does not enter viable cells with intact membranes 

but does gain access to the nucleic acids of dead cells, where it intercalates and fluoresces; 

therefore, it is used to quantify dead cells. For this assay, astrocytes were plated in 96-well plates 

with various concentrations (0.001 μg/mL, 0.01 μg/mL, 0.1 μg/mL, 1 μg/mL, 10 μg/mL, 

100μg/mL, 1000 μg/mL) of either AQP4-Ab or an IgG control antibody. All wells also received 

5% NHS to provide the components of the human complement system. Plates were then 

incubated at 37°C in a 5% CO2 incubator overnight.  

To quantify cell death, a CytoTox-Glo™ Cytotoxicity Assay was performed. This assay 

measures the presence of proteases released by dead cells. In the absence of proteases, there is no 

signal; however, in the presence of proteases, the AAF-Glo™ Reagent is cleaved, resulting in 

luminescent signal. This assay was performed first to quantify the cytotoxicity of AQP4-Ab plus 

complement as above, and then to demonstrate blocking of the cytotoxicity with various 

concentrations (0.001μg/ml, 0.01μg/ml, 0.1μg/ml, 1μg/ml, 10μg/ml, 100μg/ml, 1000μg/ml) of an 

anti-complement antibody or an IgG control antibody.  
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RESULTS 

 

Immunofluorescence Staining of Primary Astrocytes in Culture  

Immunofluorescence staining of primary rat cortical astrocytes with DAPI, AQP4-Ab, 

GFAP-Ab, and all 3 reagents (“triple stain”) is shown in Figure 7. Wells stained with each 

reagent individually demonstrated that nucleated cells were present, as well as cells positive for 

AQP4 and GFAP. The “triple staining” confirmed the colocalization of AQP4 and GFAP-

positive cells morphologically consistent with the presence of astrocytes.  

The degree and pattern of immunofluorescence was nearly identical for wells stained 

individually with AQP4-Ab and GFAP-Ab. One might expect more staining with GFAP-Ab if 

any AQP4-negative glial cells (ie, not astrocytes) were present in the culture. However, minimal 

differences were observed, indicating that the astrocyte cultures had a high level of purity.  

 

Complement-Mediated Astrocyte Cell Death 

A calcein/propidium iodide assay was used to qualitatively evaluate complement-

mediated astrocyte cell death in culture. (Figure 8) The results of this assay showed that in the 

presence of human serum containing complement and using only a negative IgG control plus 

human serum containing complement proteins, there was a consistent number of live cells, as 

shown by calcein staining, and none or very few dead cells, as shown by propidium iodide, 

regardless of the concentration of the antibody. However, with the AQP4 antibody plus human 

serum containing complement, there was a decreasing number of live cells and a significant 

increasing number of dead cells as the concentration of the antibody was increased.  

In order to 

quantify the AQP4-

Ab plus 

complement-

mediated astrocyte 

cell death, a 

CytoTox-Glo™ 

Cytotoxicity Assay 

was performed. As 

shown in Figure 9, 

human IgG isotype 

control antibody 

treatment showed a 

baseline relative 

luminescence of on 

average 8,363 

relative 



37 
 

luminescence units (RLU) consistently, whereas the RLU increased from on average 8,704 to on 

average 42,589 as the concentration of the AQP4-Ab was increased.  

 

Blocking CDC with Anti-Complement Antibody 

In order to determine whether anti-complement antibody could block the AQP4-Ab 

induced CDC, astrocytes were plated and the CytoTox-GloTM Cytotoxicity Assay was repeated 

to find an optimal dose of AQP4-Ab for that plating. The optimal concentration of AQP4-Ab 

was found to be 50 μg/mL (Figure 10A), and in the following experiment a constant dose of 

AQP4-Ab (50 μg/mL) was used, 

while the dose of an anti-complement 

antibody was varied. As shown in 

(Figure 10B) with increasing amounts 

of anti-complement antibody, a 

decrease in RLU was seen (on 

average 58,239 to on average 

24,862), demonstrating that the anti-

complement antibody blocked 

astrocyte cell death. For both 

experiments, the RLU did not vary 

with the IgG control antibody.  

 

 

DISCUSSION 

 

Primary rat astrocyte cultures were used to demonstrate that antibodies specific to the 

AQP4 molecule, together with human complement proteins, causes complement-mediated 

astrocyte cell death. Qualitatively, it was demonstrated the purity of the astrocyte cultures 

obtained, and visualized greater numbers of dead than live cells with increasing concentrations of 
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AQP4-Ab in the presence of human complement proteins. These results were quantified, and 

then repeated in the presence of anti-complement antibody, which demonstrated less astrocyte 

cell death. 

 The role of both AQP4-Ab and complement in the pathophysiology of NMO has been 

demonstrated in the literature, both in vitro (Misu, 2007; Roemer, 2007) and in vivo (Saadoun, 

2010). Our in vitro results are consistent with these findings. Unlike in Saadoun et al, it was not 

necessary to coinject human complement proteins into rat brains because rats have a higher level 

of classical complement activity compared to mice (Saadoun, 2010; Ratelade, 2014). Moreover, 

the potential of an antibody against a complement protein, to block the complement-mediated 

cytotoxicity of astrocytes in the presence of AQP4 antibody and complement was demonstrated. 

Therefore, anti-complement antibody may represent a potential therapeutic agent in NMO 

patients. Injection of AQP4 antibody and an anti-complement antibody into rat brains will be 

performed in the future in vivo study. As NMO is an autoimmune disease, this will provide 

evidence for cell destruction and cell infiltration.  The infiltrating cells are most likely immune 

cells, immunohistochemistry could help characterize these infiltrating cells and shed light on the 

pathophysiology of NMO. 

  

CONCLUSIONS 

 

NMO is a devastating autoimmune disease characterized by blindness and paralysis. A 

role for antibodies specific to AQP4, along with complement proteins, has been demonstrated in 

literature, both in vitro and in vivo. Our results support such findings: it was shown that AQP4-

Ab along with complement activation cause astrocyte destruction in vitro. In addition, the 

therapeutic potential of an anti-complement antibody was demonstrated as it was able to block 

the AQP4-Ab plus complement-mediated astrocyte cell death. In the future, it is necessary to 

show that astrocyte cell death and infiltration of immune cells can be blocked by coinjection of 

anti-complement antibody in vivo. If successful, such an anti-complement antibody could be 

used as a clinical treatment for those suffering from neuromyelitis optica.   
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ABSTRACT 

 

 Prions, special folding proteins, can be beneficial to the body by possibly driving basic 

biological functions in the human body. The TIA-1 aggregate, a prion-like protein, is thought to 

drive biological stress; altering TIA-1 aggregation could serve as a tool to control stress. The goal 

was to find a way to control the levels of TIA-1 aggregation through use of peptides. It was 

hypothesized that blocking TIA-1 aggregation may perturb stress formation. First, the prion-

binding domain of TIA-1 was determined and peptides were inserted back into its sequence then 

secondly, gel filtration chromatography was used to observe physical changes in the formation of 

aggregates. The methodology consisted of fluorescent protein-tagged TIA-1 treated with peptides 

at different concentrations, followed by FRET. The results of Phase 1 showed that some peptides 

caused changes in FRET signal compared to the control. The results of Phase 2 showed no change 

TIA-1 aggregation, contradicting the results of phase 1. It remains unclear whether any of the 

peptides were successfully able to affect TIA-1 aggregation. In the future, each phase should be 

redone with more variables are controlled for. Ultimately, peptides that demonstrate an ability to 

alter TIA-1 aggregation could serve as solutions to stress-related disorders. 
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INTRODUCTION 

 

Prions 

             A prion is a special protein that can fold in multiple, structurally distinct ways. One of 

these ways is described by aggregation. For example, one prion will bind to a protein and change 

the conformation of that protein so that it is the same as itself. As multiple prions bind to each 

other, they form large aggregates. Over time, the build up of these aggregates can be both 

beneficial and harmful. Prions may be beneficial in that certain types of prion-like proteins, such 

as the TIA-1 aggregate, will induce healthy stress (Robertson, 2015). The TIA-1 aggregate is 

directly involved in the formation of good and/or bad stress, which means the body may be 

provided with a boost in performance, brainpower and focus, or chronic/abnormal stress 

(MacMillan 2014). Prions may be harmful in that they are thought to drive many neurological 

disorders, such as Alzheimer’s disease and Parkinson’s disease. Within these disorders, prions will 

form amyloid proteins. An amyloid refers to an abnormal fibrous, extracellular deposit found in 

organs and tissues in the form of a beta-pleated protein. The build-up of deposits is thought to be 

directly related to the formation of these nerve-damaging disorders, known as Transmissible 

Spongiform Encephalopathies (TSEs) (Transmissible Spongiform Encephalopathies, 2012). 

 

TIA-1 

             TIA-1, a cellular stress response factor, is an RNA binding protein that plays a role in 

alternative splicing, translation repression, and mRNA stability. Under extreme cellular stress, 

individual TIA-1 proteins assemble into aggregates, which can help to cause cells to follow 

apoptosis, preserve its RNA, or it can stabilize the RNA during cellular stress (Spiers 2013). In 

fact, the ability of TIA-1 to form aggregates supports the notion that the TIA-1 aggregate is a prion 

(King 2012), Individual TIA-1 monomers become activated and bind with each other forming 

polymers, or aggregates (Vanderweyde 2013). 

              The goal of this research is to gain the ability to inhibit or promote the formation of TIA-

1 aggregates. Accomplishing this goal would provide a powerful set of tools that would allow the 

exploration of the function of prion-like aggregation in a biological setting and assist toward 

solutions for major stress-related disorders as well as other prion-driven diseases. 

 

Previous Supporting Research 

             Previous research has supported the notion that prions drive basic biological functions. 

Experimentation revealed that cytoplasmic polyadenylation element binding protein (CPEB) was 

shown to cause other proteins to form alternate conformations that are heritable in yeast cells. It 

was also demonstrated that the functional RNA-binding form of the CPEB protein might be in its 

prion-like state, similarly to the TIA-1 aggregate. Ultimately, this research demonstrated that the 

prion-like protein, CPEB, is directly involved in the formation of long-term memory, a basic 

biological function (Si 2003). In another research study, K63 ubiquitin regulatory chains were 

demonstrated to catalyze the conversion of mitochondrial antiviral-signaling protein (MAVS) to a 
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mitochondrial membrane prion-like aggregate during a viral infection. MAVS, a mitochondrial 

adaptor protein, was shown to drive the antiviral signal cascade.  MAVS, in turn, activates the 

transcription factors IRF3 and NF-κB to induce type I interferons within the signaling cascade. 

Ultimately, this research demonstrated that when the MAVS is converted into a prion-like 

aggregate, the immune system is activated, contributing to the body’s defense of viral infection 

(Hou, 2011). 

             Finding a way to control the aggregation of prion-like proteins like TIA-1 and/or CPEB 

and MAVS may serve as a potential mediation tool by means of facilitating proper levels of many 

biological functions.  

 

PURPOSE AND HYPOTHESIS 

 

 Prions are characterized as both beneficial and detrimental to the human body; prions cause 

the formation of TSEs, but they may serve basic biological functions in the human body. The TIA-

1 aggregate, a prion-like protein, is thought to drive biological stress. Many studies have 

researched the harmful effects of prions on the human body, but few have looked at the function 

of prions, as a drive for many rudimentary biological functions. The goal of this study was to find 

a way to control TIA-1 aggregation, as it would serve as a possible tool to control stress-related 

disorders. The project was split into two phases or goals: (Phase 1) determine the prion-binding 

domain of TIA-1 and insert it back into its amino acid sequence in order to observe changes in 

protein-protein interaction through Fluorescence Energy Resonance Transfer (FRET) interaction 

signal and (Phase 2) perform gel filtration chromatography in order to observe physical changes 

in aggregation based on size. Peptides in either phase would change FRET signal and/or inhibit 

aggregation because of the manner in which TIA-1 interacts with itself in a prion-like manner (see 

figure 1). Following these procedures, in 

part, helps to determine which binding 

site is responsible for the prion-like 

behavior of TIA-1 and support the notion 

that TIA-1 aggregation may be perturbed 

at the molecular level by blocking its 

prion-like properties. Peptides that 

demonstrate an ability to alter TIA-1 to 

form more or less aggregates through 

mouse and human studies would theoretically introduce a powerful tool that could serve as a 

potential biological solution to stress-related disorders.  

 

SUMMARY OF RESEARCH 

 

 Prions are thought to drive basic biological functions in both beneficial and harmful ways. 

Finding a way to control the prion-like protein TIA-1, may introduce a powerful tool for controling 

Figure 1.  Interaction of TIA-1 



44 
 

stress. The research was split into two stages: (Phase 1) treat TIA-1 in vitro with a short peptide to 

determine if its FRET signal is reduced (Phase 2) use gel filtration chromatography in order to 

check for peptide-treated TIA-1 aggregate formation based on size of molecules. Following the 

completion of both stages, a data analysis was performed through Microsoft Excel followed by an 

ANOVA test, or t-test depending on the graphed results.  

MATERIALS 

 

Plate Preparation 

 96-well assay plates were used in order to maximize placement of solutions and efficiency 

of experiments. TIA-1 transfected to CFP and YFP individually was provided by the laboratory 

and used. Extraction buffer was used as blanks within the 96-well plate. DMSO (dimethyl 

sulfoxide) was used as a control group for stage 2.  

 

Peptide Sequences 

 The sequence of TIA-1 (mouse) was obtained through a protein database online. A mouse 

sequence was used because it would be more appropriate for use in the future for behavioral studies 

with mice. After obtaining the TIA-1 amino acid sequence, the sequence was analyzed by PLAAC 

(Prion-Like Amino Acid Composition); a protein software that determines the amino acid 

sequence that is its most probable prion-binding domain. Of the 386 amino acid sequence chain, 

the sequence, 290-386 was determined to be the most probable prion-binding domain sequence for 

TIA-1. The peptide chain was then arbitrarily divided into 10-sequence long amino acids chains 

each labeled “PRD 1,” “PRD 2,” “PRD 3,” etc. to a total of 10 separate peptide chains. 

 

Data Collection 

 CLARIOstar by BMG LABTECH was used in order to perform FRET procedures and 

determine FRET efficiency of individual wells within the 96-well assay plate.  

 

Data Analysis 

 Data was analyzed using Microsoft Excel and either an ANOVA test or t-test was 

performed in order to determine significant values.  

 

RESEARCH – PHASE I 

 

Plate Preparation 

 The first step in Phase 1 was to prepare the 96-well plate. In order to create blank/control 

values within the well plate, extraction buffer was needed. The extraction buffer consisted of 

1.5mL of 5M NaCl, 2.5mL of Tris, 0.1mL of EDTA, and 9,995.9mL H2O. After it was mixed, it 

was dispensed at 100uL per well into each of the four wells labeled as “blanks” (see figure 2). 

Next, the proper solutions for CYP, YFP, and CFP/YFP were created. Within the CFP solution, 

13.5ul of transfected TIA-CFP (at 0.67mg/ml) was added along with 13.5ul of arbitrary dialysis 
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buffer and 873ul of extraction buffer in 

order to achieve 900ul. After the 

solution was mixed, 100ul was 

pipetted into each “CFP…” well (see 

figure 2). Next, the YFP solution was 

created. Within the YFP solution, 

13.5ul of transfected TIA-YFP (at 

0.67mg/ml) was added along with 

13.5ul of dialysis buffer and 873ul of 

extraction buffer. After the solution 

was mixed, 100ul was pipetted into 

each “YFP…” well (see figure 2). 

Lastly, the CFP/YFP solution was 

created. Within the CFP/YFP solution, 

13.5ul of transfected TIA-YFP (at 

0.67mg/ml) was added along with 

13.5ul of TIA-CFP (at 0.67mg/ml) and 

873ul of extraction buffer. After the 

solution was mixed, 100ul was pipetted into each “CFP/YFP…” well (see figure 2). After each 

well was filled with 100ul of its appropriate solution, the PRD peptides were added in at 1ul 

starting with PRD 1 at either a 60X molar concentration, 10X molar concentration, or 1:1 molar 

ratio. An separate plate preparation method was completed for each peptide at each different 

concentration mentioned. Concentrations were based on molecular number compared to the TIA-

1 molecules. Naturally, there are far more molecules per 1ml within the peptide sequence than 

there are molecules per 1ml of transfected TIA-1; this was corrected for by adjusting diluting the 

solution with peptide and/or adding more TIA-1 to the tube.  

 Each prepared 96-well plate was then inserted into the CLARIOstar machine and measured 

for FRET changes. FRET determines how well two monomers are interacting with each other 

through fluorescent proteins. Essentially, the more FRET signal, the more the TIA-1 molecules 

are interacting with each and aggregating. For example, normally a molecule tagged with CFP 

(blue fluorescence) would emit blue light when excited. A molecule tagged with YFP (yellow 

fluorescence) would emit yellow light when excited. However, if the two molecules (one tagged 

with CFP and one tagged with YFP) were interacting with each other (and within 10 nanometers 

of each other), the fluorescence would jump from one molecule to the other molecule. If blue light 

was absorbed by the molecule tagged with CFP and it was interacting with the molecule tagged 

with YFP, the fluorescence would jump from the CFP molecule to the yellow molecule, emitting 

YFP (rather than CFP, if the molecules were not interacting with each other). Although FRET only 

looks at monomer-to-monomer interactions, it allows for quantitative results to be received, rather 

than SDS-AGE, which would only give qualitative results. The machine performed at 5 minutes 

per scan, a total of 1 hour and 15 minutes per experiment. Blanks were automatically used for 

Figure 2.  Loading of 96-well plate. 
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correction within the data given. Following the completion of the cycles, data was exported to 

Microsoft Excel with the raw data, blank corrected over raw data, and ratio based on blank 

corrected over raw data (Channel 2/Channel 1).  

 

Data Analysis 

 Data was analyzed through the prepared Microsoft Excel spreadsheet provided by the 

CLARIOstar machine. Two factors were corrected for when analyzing the data: 1) bleed through 

from other channels and 2) bleaching. After FRET efficiency was determined and displayed on a 

line graph, error bars were added (two standard deviations above and below the mean). ANOVA 

tests were used to test changes over time within appropriate graphs. T-tests were used to determine 

significant changes between no-peptide and peptide averages.  

 

RESEARCH – PHASE II 

 

Gel Filtration Chromatography 

 Gel filtration chromatography was performed by a post-doctorate researcher in the 

laboratory. TIA-1 was treated with various peptide sequences (PRD1, PRD2, PRD 3, etc.). PRD1 

(peptide 1), PRD 2, PRD 3, and PRD 5 were arbitrarily tested at a 60x molar excess. SCBp, a 

cardiovascular protein sequence obtained from an aplasia, was tested as a control. Ideally, SCBp 

would not bind to the TIA-1 molecules, therefore permitting normal TIA-1 aggregation. 125ul of 

TIA-CFP was combined with 125ul of TIA-YFP, 625ul of Extraction Buffer, and 125ul of peptide 

in order to get 1ml of solution. The solution was incubated at room temperature for one hour in 

order to let the TIA-1 actively aggregate over time. The solution was inserted in the gel filtration 

tube and samples were taken every 1ml that dripped out of the machine (the gel filtration tube was 

already filled with Extraction Buffer). Samples were labeled in order from sample #1 to sample 

#23 where sample #1 represents the top of the tube and #30 represents the bottom of the tube.  

 

Data Analysis 

 Samples were pipetted at 300ul into a 96-well plate and scanned through the CLARIOstar. 

Following that, the peaks in data were observed for shifting. An earlier shifted peak indicates the 

presence of bigger molecules and a later peak indicates the presence of smaller molecules. The 

untreated TIA-1 should to show an earlier shifted peak because TIA-1 should be aggregated. 

Successfully inhibited TIA-1 aggregation with peptide would be expected to move the peak to 

later sample, displaying monomers that did not aggregate. 

 

RESULTS – PHASE I 

 

 One approach to check for changes in TIA-1 aggregation was to treat TIA-1 in vitro with 

a short peptide sequence at difference concentrations and determine whether or not the TIA-1 was 
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then aggregated based on its FRET signal interaction. PRD 1, PRD 2, and PRD 3 were tested at 

60x molar excess, 10x molar excess, and 1:1 molecule (molar ratios were 1:1). 

 The closer the “no peptide” line is to the “peptide” line whether it is above or below, the 

more the TIA-1 molecules are aggregating normally. The further the “no peptide” line is below 

the “peptide” line, may indicate alterations in the ability of TIA-1 to form more or less aggregates. 

The data naturally curves upwards because over time, TIA-1 aggregation over time is constantly 

getting more efficient (See figures #3-#5).  

When stressed, TIA-1 forms large aggregates. Over time, the body adjusts itself to stress, and TIA-

1 will naturally break apart as it is becoming more adjusted to the environment. 
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RESULTS – PHASE II 

 

 Another 

approach to check 

changes in TIA-1 

aggregation was to treat 

TIA-1 with peptide in a 

1ml solution, and 

separate its contents by 

size in order to record 

physical differences 

such as monomers (non-

aggregates) and 

polymers (aggregates).  

 Within the 

graphed results, the blue 

line represents the TIA-

CFP fluorescent signal and 

the yellow line represents the 

TIA-YFP fluorescent signal. The vertical axis represents the fluorescent signal recorded by the 

CLARIOstar machine. Samples are indicated by (1, 2, 3, etc.) on the horizontal axis. The peaks of 

each CFP and YFP were looked at in each experiment. The lower the peak number is, the larger 

the molecules. The higher the peak number is, the bigger the molecules. Peptides that successfully 

prevent TIA-1 from forming aggregates would result in a peak at a later peak number, indicated 

only monomers present in the samples, not polymers (aggregate form).  

 After averaging the FRET signal from each interval for both lines and performing an 

ANOVA test, results showed that PRD1-treated peptide at 60x molar excess, 10x molar excess, 

and 1:1 mole showed a significant change in FRET signal compared to the control. PRD2-treated 

at 1:1 mole resulted in a significant change in FRET signal compared to the control. Lastly, PRD3 

at 10x molar excess showed a significant change in FRET signal compared to the control. (see 

figures #6-#10) 

 

Figures 3-5.  Aggregation of TIA-1 under various conditions. 
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Figure 6.  The results from the arbitrarily picked peptide (control) from a heart of an aplasia 

at 60x molar concentration. The blue line represents TIA-CFP. The yellow line represents 

TIA-YFP. The vertical axis represents the fluorescent signal acquired in this assay. The 

horizontal axis represents the consecutive samples start from 1 and ending at 23. Results 

demonstrate no significant shift in fluorescent peak.  

 

 
Figure 7.  The results from PRD1 at 60x molar concentration. The blue line represents TIA-

CFP. The yellow line represents TIA-YFP. The vertical axis represents the fluorescent 

signal acquired in this assay. The horizontal axis represents the consecutive samples start 

from 1 and ending at 23. Results demonstrate no significant shift in fluorescent peak.  

 

 
Figure 8.  The results from PRD2 at 60x molar concentration. The blue line represents TIA-

CFP. The yellow line represents TIA-YFP. The vertical axis represents the fluorescent 

signal acquired in this assay. The horizontal axis represents the consecutive samples start 

from 1 and ending at 23. Results demonstrate no significant shift in fluorescent peak.  
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Figure 9.  The results from PRD3 at 60x molar concentration. The blue line represents TIA-

CFP. The yellow line represents TIA-YFP. The vertical axis represents the fluorescent 

signal acquired in this assay. The horizontal axis represents the consecutive samples start 

from 1 and ending at 23. Results demonstrate no significant shift in fluorescent peak.  

 

 
Figure 10.  The results from PRD5 at 60x molar concentration. The blue line represents 

TIA-CFP. The yellow line represents TIA-YFP. The vertical axis represents the fluorescent 

signal acquired in this assay. The horizontal axis represents the consecutive samples start 

from 1 and ending at 23. Results demonstrate no significant shift in fluorescent peak.  

 

DISCUSSION 

 

 Phase 1 demonstrated that different peptides could induce changes in the FRET signal. 

After averaging the FRET signal from each interval for both lines and performing an ANOVA test, 

results showed that PRD1-treated peptide at 60x molar excess, 10x molar excess, and 1:1 mole 

showed a significant change in FRET signal compared to the control. PRD2-treated at 1:1 mole 

resulted in a significant change in FRET signal compared to the control. Lastly, PRD3 at 10x molar 

excess showed a significant change in FRET signal compared to the control. An ANOVA test was 

used because it compares changes over time between two measurements (i.e. peptide and control). 

The results demonstrate that short peptide sequences may be able to bind to TIA-1 in order to 

prevent it from binding to another TIA-1 (aggregate). Although the signal was expected to be 

nearly completely reduced, after the insertion of PRD1, for example, the signal was still slightly 
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apparent, which indicated that one single peptide within TIA-1 is not entirely responsible for the 

prion properties of TIA-1. Instead, the conformation of TIA-1 may fold in a way that requires 

treatment with multiple peptides in unison in order to block its prion-like properties.   

             Many variables may have affected the outcome of Phase 1 results. Temperature was held 

constant at 25 degrees Celsius, and the same protocol and layout was followed for every 

experiment. Weeks were spent troubleshooting and more specifically, reducing variability between 

experiments, but it was still not completely clear whether or not these results are fully 

representative of TIA-1. For example, TIA-1 was discovered through a small assay test on a 

fluorescent confocal microscope, to bind to the bottom of the 96-well plate. This can drastically 

affect results if TIA-1 is initially floating in the solution, but over time, sticks to the bottom of the 

plate. Also, different sized tubes were used during the experiment. When completing the assay 

with a 1.5ml Eppendorf tube, the experiment resulted in a strong FRET signal across both the 

experimental and control groups. When completing the assay with a 15ml Fisherbrand tube, the 

experiment resulted in nearly a three times reduction in FRET signal across both the experimental 

and control groups. Tubes were used interchangeably and randomly throughout the experiment 

and this could have affected results.  Lastly, as mentioned previously, FRET only looks at 

interactions, better known as dimer interactions; it does not look at interactions between trimers or 

polymers; aggregates can be in the form of these. 

             Phase 2 demonstrated that even though there were significant differences in the FRET 

signal of various peptides detected in Phase 1, there were no physical changes present among the 

size of the molecules found within the solutions treated with peptide. Indicated by the graphs, TIA-

1 successfully aggregated after being treated with SCBp and visually peaked at sample 13. Samples 

containing TIA-1 mixed with PRD 1, PRD 2, PRD 3, or PRD 5 all peaked at sample 13 as well, 

indicating that TIA-1 aggregation was unaffected by the addition of any of the experimental 

peptides as it remained in polymer formation, instead of breaking apart as monomers. 

             Many variables may have affected the outcome of Phase 2 results. When using the TIA-

CFP and TIA-YFP stock protein, they were stored separately and frozen when they were not being 

used. However, it is unknown if the TIA-1 molecules in their individual stocks were already 

aggregating, and how many monomers, dimers, trimers, or polymers were in the samples prior to 

experimentation. Although measures were taken to reduce any formation of dimers, trimers, or 

polymers (by method of freezing and thawing), the variable cannot be disregarded. Another 

variable that may have affected the results was the ability of TIA-1 to bind to other molecules such 

as dust, particles, and bacteria. Usually in TIA-1 experiments performed in the laboratory, SDS 

(Sodium Dodecyl Sulfate) was used to eliminate any bacteria, dust particles, etc.  and clean the 

solutions used within the gel filtration experiment so that the results are strictly due to the 

experiment at hand. At a certain concentration, SDS will not denature prions (TIA-1), but will 

denature all other molecules. The addition of SDS could confirm that under experimentation, 

physical changes in aggregation would be solely a result of the addition of a peptide. However, 

when testing multiple concentrations of SDS with TIA-1 (0.1%, 0.2%, 10%), including the highest 

and lowest concentration of SDS possible, TIA-1 continued to be negatively affected by SDS and 
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therefore, SDS was not used in the experiments as it would introduce even more variables. Without 

the addition of SDS, it was unknown whether the results demonstrated that TIA-1 was aggregating 

by itself, or if TIA-1 was aggregating with other molecules such as dust, particles, etc. 

 

CONCLUSIONS 

 

 The goal of this study was to determine a way to successfully inhibit or promote the 

formation of stress-induced TIA-1 aggregates. In order to achieve this goal, two novel approaches 

were performed to assess changes in TIA-1 aggregation. Phase 1 employed FRET to determine 

whether dimer aggregation was limited by peptides. The results showed that PRD1-treated peptide 

at 60x molar excess, 10x molar excess, and 1:1 mole showed a significant change in FRET signal 

compared to the control. PRD2-treated at 1:1 mole also showed a significant change in FRET 

signal compared to the control. Lastly, PRD3 at 10x molar excess showed a significant change in 

FRET signal compared to the control. Phase 2 employed gel filtration chromatography to 

determine whether polymer aggregation was limited by different peptides. The results showed no 

change in the ability of TIA-1 to form aggregates, indicating that PRD 1, PRD 2, PRD 3, and PRD 

5 did not significantly eliminate the formation of aggregates.  

 In the future, the experiments in Phase 1 and Phase 2 should be recreated with the 

addition of more controlled variables. In Phase 1, low-protein binding (lo-RNA) tubes, bottles, 

and 96-well plates should be used during experimentation in order to eliminate the ability of 

TIA-1 to stick to plastic as a variable. In addition, more peptides, such as PRD 4, PRD 5, PRD 6, 

etc. should be tested in order to determine if other peptides have an effect on TIA-1 aggregation 

and/or FRET signal. In Phase 2, the solutions of TIA-1/peptide should be filtered in order to 

reduce the possibility of large dust particles interfering with results. In addition, more peptides 

should be tested in order to determine if other peptides have an effect of the ability of TIA-1 to 

physically aggregate. In the far future, once a peptide is found to successfully reduce TIA-1 

aggregation both in-vitro and during gel filtration chromatography, the same peptide should be 

tested in COS-7 cells. The COS-7 cell (derived from a monkey’s kidney) experimentation would 

be able to better represent the human body and its ability to aggregate. Cells would be hyper-

induced with glucocorticoid, a hormone that induces physical stress, as well as TIA-1 and 

peptides would be inserted. This would help determine whether or not the insertion of a peptide 

could directly alter the production of glucocorticoids. Ultimately, peptides that demonstrate an 

ability to alter TIA-1 to form more or less aggregates would theoretically introduce a powerful 

tool that could serve as a potential biological solution to stress-related disorders.   
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ABSTRACT 

 

Companies are always searching for more beneficial organizational practices and ways 

to motivate their employees to create greater efficiency. The study's aim was to determine the 

effects of incentives and management styles in the work atmosphere and how the number of 

employees in the company and demographic factors such as gender, ethnicity, and 

income influence performance. The study used a survey comprised of demographic information 

and the variables of interest which 320 working adults participated in. The questionnaire included 

modified versions of the Leadership Behavior Description Questionnaire and the Work Extrinsic 

and Intrinsic Motivation Scale. Results showed females find flexible hours a far greater incentive 

than males (P<.05). Also, all minorities find non-financial incentives far more rewarding than 

caucasian employees (P< 0.0001). Workers from smaller companies find that their managers are 

more likely to control the group very firmly and maintain absolute authority than workers from 

large companies (P<0.0005). The results significantly showed that employees find highest 

satisfaction with managers who maintain definitive standards of performance (P<.0001) and treat 

employees as his/her equals (P<.0001). Participants were equally incentivized by intrinsic and 

extrinsic factors for working. Employees found career success and learning new things similarly 

motivating (P<.0001).  

 

INTRODUCTION  

 

Companies are always searching for more beneficial organizational practices and ways to 

motivate their employees to create greater efficiency. However, the main problem with empirical 

studies regarding business psychology is the diverse results due to problems in the survey design 

and sample size. It has been shown that effective leadership and motivation is necessary for greater 

performance. However, employees’ preferred management styles and which techniques or 
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incentives are the most effective in inspiring a company haven’t been thoroughly researched. Also, 

in what ways employees’ opinions change within large and smaller business corporations and with 

respect to certain demographics should be researched because this has never been studied to the 

researcher's knowledge.  In order to address this problem, this study surveyed employees from 

several companies regarding their perspectives on incentives and management styles.  

 

Incentives 

Hiring and maintaining qualified employees is a persistent task for corporations. In the 20th 

century, employees worked for a company for long periods, usually their entire career (Ambrose, 

1999). However, in the 21st century, the average worker is expected to stay in a job for less than 

three years. They will have 15-20 jobs throughout their career (Meister, 2012). Therefore, 

companies are constantly looking for effective incentives for employees to remain and grow with 

the company.  

 

Intrinsic vs Extrinsic Incentives 

Intrinsic incentives are internal psychological rewards that employees receive by 

accomplishing a meaningful task and carrying out it well. Intrinsic incentives are a great source of 

motivation; due to their sustainability and strength, there is minimal chance of burnout (Nitin, 

2008). Extrinsic incentives are tangible rewards given to employees; they are external to the task 

and the amount given is controlled by an outside force. Extrinsic Incentives are mostly financial; 

examples include salary raises, benefits, and bonuses. Non-financial extrinsic incentives include 

perks such as social activities outside the office and half days or positive recognition of employee 

effort (Hull, 2013). Extrinsic incentives had a greater impact on employee motivation in earlier 

eras. The work atmosphere placed higher 

significance on routine, rules, and 

bureaucracy, which offered little internal 

satisfaction. Now extrinsic incentives still 

remain significant to employees’ 

performance; however, workers are more 

strongly driven daily by intrinsic rewards 

(Thomas, 2009).  

 

Management Styles 

Effective managers are those who 

can elicit the maximum performance from 

their employees. Managers have different 

approaches on how to deal with their staff. 

Research has found six distinctive 

leadership styles as shown by Figure 1 



56 
 

(Cardinal, 2013). Each technique had a unique effect on the work atmosphere of a company, the 

employees, and their performance.  

 

1. The Coercive (Directive) Style is used to intimidate employees and gain their compliance. 

The manager closely monitors the workers’ progress. The employees are motivated by threats 

and discipline. 

2. The Authoritative Style creates commitment to the corporation’s goals and strategy. The 

leader assigns employees tasks and defines standards that revolve around a vision. The manager 

permits creativity and flexibility but makes sure the end goal is achieved. 

3. The Affiliative Style values the employees and their emotions over the assignment and 

objectives. The manager attempts to create harmony within the company which reaps the 

benefits of loyalty and communication.  

4. The Democratic Style allows all the employees to have an input of the decisions made. It is 

effective when the workers are compatible, have experience and reliability. However, the style 

has its drawbacks; it may result in employees’ feeling confused and leaderless.  

5. The Pacesetting Style is used by managers who prefer to lead by example. The manager 

expects his employees to be self-directed and imposes high standards.  

6. The Coaching Style aids and inspires employees to improve their performance. The manager 

uses this to help the company in the long-run by properly training the workers.  

 

The research demonstrates that successful leaders blend the usage of several of the styles in 

different amounts. Coercive and Pacesetting leadership styles were statistically shown to have an 

overall damaging impact on performance but were discovered to work excellently in certain 

scenarios. The other four styles have positive effects on atmosphere and results (Goleman, 2000).  

 

Employee Behavior Patterns 

In 1987, Begley looked at important attributes such as need for achievement, locus of 

control, risk-taking propensity, tolerance of ambiguity, and Type A behavior. However these 

characteristics were only was examined in established entrepreneurs not employees. Subsequently, 

researchers examined employees’ motivation and performance in the public and private sectors in 

Nigeria. In addition, they looked into how employees could be effectively motivated for result-

oriented performance and general improvement. It was found that in order to elicit better 

performance, extrinsic motivational factors such as improved training, effective flow of 

communication, promotion of employees, and a vigorous working environment must be given 

greater priority (Anyim, 2012).  

 

Problem 

Despite the importance of incentives and management styles, previous research has largely 

neglected their effects on performance based on employee preference, especially in the work 

atmosphere. That the combined influence of incentives and management styles has been 
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underrepresented in the empirical literature may be due to problems because of the testing 

instruments and sample sizes. It is essential to also examine the effects of a corporation’s size on 

its employees’ opinions and other demographic factors regarding these variables to make the 

results more personalized and applicable. 

 

Goal  

In order to determine employees’ preferred management styles and which techniques or 

incentives are the most effective in motivating companies’ workers, the study's goal was to 

research if employees’ opinions change depending on the size of the company they work for. Also, 

the goal was to determine whether gender, ethnicity, and income have an impact on incentive and 

management style preference.  

 

Hypotheses 

It was hypothesized that large corporation employees would prefer extrinsic rewards and 

more authoritative management more than smaller corporation employees. This is because smaller 

companies are thought to have a friendlier and more personal environment with greater interactions 

between the manager and employee.  

 

METHODS 

 

In order to determine the effects of incentives and management styles on performance in the work 

atmosphere, the study used a survey comprised of demographic information and the variables of 

interest. 

 

Participants 

The 320 participants that were used in this study are currently employed adults from various sized 

corporations globally with a variety of demographics 

 

MATERIALS 

 

The questionnaire included modified versions of validated scales including the Leadership 

Behavior Description Questionnaire and the Work Extrinsic and Intrinsic Motivation Scale.  

 

Demographic Information  

The participants’ responses were anonymous. Participants were asked for basic 

information about themselves such as their gender, age range, ethnicity, marital status, highest 

degree of education completed, and annual income for generalization purposes. 
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Incentives 

Participants identified the effectiveness of both intrinsic and extrinsic rewards towards their 

performance. The main scale used to identify incentives was the Work Extrinsic and Intrinsic 

Motivation Scale.  

 

Work Extrinsic and Intrinsic Motivation Scale (WEIMS) 

The study used a 

shortened modified version of 

the Work Extrinsic and 

Intrinsic Motivation Scale 

(Tremblay, 2009). The original 

scale is comprised of 18-items 

measured on a seven 

point  Likert scale (1= does not 

correspond at all, 7 = 

Corresponds exactly). The 

scale measured the degree to 

which each of the items 

corresponds to why the 

participant is presently 

involved in his/her work. The 

items were causes such as, 

“Because this is the type of work I chose to do to attain a certain lifestyle” and “Because I chose 

this type of work to attain my career goals.” The survey only used 6 of the items, one of each type 

of motivation on the Self-Determination Spectrum.  

The survey also listed several intrinsic and extrinsic incentives. Participants were asked to 

evaluate on a 5-point Likert scale, the motivational effect of each reward. Financial Extrinsic 

incentives included, “Annual bonus based on the company’s achievement in financial targets” and 

“Opportunities for promotion.” Nonfinancial Extrinsic Incentives included, “Relaxation room for 

lunch breaks at the company’s facilities” and “An extra day off as a reward of a well-done project.” 

Incentives that were intrinsic were “Self-Satisfaction” and “Challenging myself.” 

 

Management Styles 

Employees’ opinion regarding their supervisors was identified using an abridged version 

of the Leadership Behavior Description Questionnaire. They were also asked using the same 

questions to describe the behavior of what they perceive to be an ideal leader. In addition, 

employees were asked about their overall satisfaction with their supervisors. 
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Leadership Behavior Description Questionnaire (LBDQ) 

The Leadership 

Behavior Description 

Questionnaire is regularly 

used in research and 

recognized as an accurate 

management instrument 

(Rodriguez, 2013). The 

questionnaire consists of 100 

items with a 5 point Likert 

scale. The LBDQ contains 

items, each of which 

describes a specific way in 

which a leader may 

behave.  The respondent 

indicated the frequency with 

which he perceives his/her 

manager to engage in each 

type of behavior by selecting one of five adverbs: Always, often, occasionally, seldom, never. 

Items in the LBDQ include “He makes his attitudes clear to the group”, “He gets group approval 

on important matters before going ahead”, and “He emphasizes the meeting of deadlines.”  The 

LBDQ was modified to remain gender neutral and the survey used a selected 12 items from the 

LBDQ, 2 items for each type of leadership style.  

 

PROCEDURES 

 

Employees were administered a questionnaire, sent through their emails, containing the 

WEIMS items, LBDQ items, demographic questions and questions created by the researcher 

regarding incentives and management styles. All survey participants read and agreed to the consent 

form which described what the study was and asked the participants to be as honest as possible. 

All participants were provided with a contact email should they be interested in the study results.  

 

Limitations 

All information was provided by the participants and was anonymous which could have 

provided limitations because there was no way of knowing how honest each employee was. Non-

response bias is the greatest limitation in this research. Many employees that were asked via email 

were unwilling or unable to participate in the survey.  Bias may have resulted because respondents 

differ in meaningful ways from nonrespondents. However, due to the large sample size and varied 

responses, it shouldn’t have had great effect on the validity of the research.  
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Sampling  

Gender: 67.55% of the participants were male 

Age : 9.24% were 18 to 25, 23.76% were 26 to 35, 22.11% were 36 to 45, 30.36% were 46 

to 55, 12.87% were 56 to 65, 1.65% were older than 65. 

Education: 11.22% do not have a degree, 59.74% have either an Associate's degree or 

Master's degree, 9.75% have either a Professional Degree or Doctorate Degree. 

Ethnicity: 66.11% of the participants were white, 23.59% were Asian or Pacific 

Islander, 5.65% were Hispanic or Latino, 1.99% were African American, 0.33% were 

Native American, 2.33% classified themselves as "Other." 

Marital Status: 24.58% of the participants were never married, singles, 70.10% were 

married or in a domestic relationship, 5.32% were divorced, separated, or widowed.  

Income: 9.62% of the participants earned less than $50,000, 34.02% had an income of 

$50,000 to $99,999, 34.02% had an income of $100,000 to $149,999, 17.53% had an 

income of $150,000 to $249,999, 6.53% had an income of greater than $250,000.  

Numbers of Employees in the company: 29.10% of the participants were in a company of 

0-50 employees, 9.70% were in a company of 51-100, 16.39% were in a company of 101-

150, 5.02% were in a company of 151-200, 6.69% were in a company of 201-

300, 33.11% were in a company with more than 300 employees. 

 

RESLUTS 

 

Chi-square tests were performed on significant p-values in the correlation matrix to 

examine relationships of variables regarding incentives, management, gender, income, and 

ethnicity.   

 

Gender vs. Income 

The study shows a 

significant difference in 

salary between men and 

women (P<.0001). Men are 

earning significantly more; in 

the survey 139 men earn 

more than $100,000 and 65 

men earn less than that. In 

contrast, only 34 women 

make more than $100,000 

and 64 earn less.  
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Gender vs. Flexible Hours  

Females find 

flexible hours a far greater 

incentive than males 

(P<.05). The majority of 

employed females 

supporting a family have 

to juggle both domestic 

and work responsibilities. 

Therefore, they are more 

motivated by flexible 

hours than men are 

because it will help them manage their duties outside of work more efficiently.  

 

Ethnicity vs. Non-Financial Incentives 

Minorities find an 

article of them published at 

work far more rewarding than 

Caucasian employees (P< 

0.0001). This demonstrates 

that minorities are motivated 

by non-financial incentives, 

especially praise and 

appreciation more than white 

employees. 

 

Company Size vs. Authoritative Management 

Workers from smaller companies find that their managers are more likely to control the 

group very firmly and maintain absolute authority than workers from large companies 

(P<0.0005).  
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Intrinsic Incentives vs. Extrinsic Incentives   

Participants were equally motivated by intrinsic and extrinsic factors for working. 

Employees were equally motivated by desire to succeed at their job as the pleasure of learning 

new things. (P<.0001). 

 

Preferred Management Techniques 

It is significantly shown that employees find highest satisfaction with managers who 

maintain definitive standards of performance (P<.0001) and treat employees as his/her equals 

(P<.0001). Employees regardless of company size want a manager who values them as workers 

and gives clear expectations regarding assignments  
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DISCUSSION 

 

Gender was one the main concentrations in this study. There was a significant difference 

between male and female motivational factors. Women found flexible hours a far greater incentive 

than men. As the plurality of women were married, they probably also had domestic 

responsibilities to balance with work. Therefore, they appreciated flexible hours more than men. 

Also, there was a significant pay gap between genders. Women earned substantially less than men, 

supporting the statistic that the full time working women’s salary median is 78.6% of what men 

annually earn (Maatz, 2014). Minorities find non-financial incentives more motivating than white 

employees. Caucasian employees don’t believe praise and acknowledgement are as needed to feel 

appreciated and inspired as minorities do.  

Those from smaller companies found their managers to be more controlling and 

authoritative than those from large companies. This refutes the hypothesis that employees from 

larger companies would be more accustomed to authoritative management style. The hypothesis 

that employees from larger companies would prefer more extrinsic rewards was also refuted. The 

results did not show any significance between company size and extrinsic motivators. In addition, 

there was an unexpected significant relationship between intrinsic and financial extrinsic 

incentives. Employees were equally motivated by learning new things and career success. In 

addition to demonstrating the complexity of motivation, it showed employees were found not to 

have just one type of motivation for working. Employees most preferred democratic and 

authoritative management characteristics. Workers were more likely to be satisfied with their 

managers if they treated them equally, which a democratic management style technique, and 

maintained definitive standards of performance, an authoritative management style technique. 

Therefore, companies need to emphasize that managers need to focus on these styles to remain 

favorable to their employees.  

 

CONCLUSIONS 

 

The goals of this study were to: determine employees’ preferred management styles and 

most effective incentives and determine whether the size of the company employees works for 

effects their opinions. Also, the goal was to determine whether the variables gender, ethnicity, and 

income have an impact on incentive and management style preference. It was hypothesized that 

large corporation employees would prefer extrinsic rewards and more authoritative management 

more than smaller corporation employees. The results of the survey refuted both hypotheses and 

found significant relationships regarding gender, ethnicity, and income. An observational method 

was used and a survey comprised of items from the modified scales WEIMS and LBDQ, 

demographic items and questions regarding specific incentives and management expectations.  
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FUTURE RESEARCH   

 

The research is designed to discover the most effective incentives and management styles to 

improve employee satisfaction and performance. Companies can use this information to create 

successful incentive programs. In this study, results have shown that women are more incentivized 

by flexible hours and minorities are more motivated by praise and acknowledgement. By finding 

which techniques are beneficial, companies can alter their methods appropriately to gain greater 

employee satisfaction. In this study, employees are most satisfied by managers that treat them with 

equality and define standards of performance. The project must be repeated with a larger and more 

diverse sample. This would confirm the present study's findings and establish new significant 

relationships regarding incentives and leadership with demographic variables. The resources and 

time should be spent on this due to the overwhelming benefits associated with this research. 

Humans are always looking for ways to advance the world; by optimizing their work, they will be 

able to achieve this goal much faster.  

 

WORKS CITED 

 

Anyim, Chukwudi Francis, and Adedehinbo Ekundayo Badejo. "Motivation and Employees’ 

Performance in the Public and Private Sectors in Nigeria." International Journal of Business 

Administration 3 (2012): n. pag. Web. 

 

Ambrose, Maureen L., and Carol T. Kulik. "Old Friends, New Faces: Motivation Research in the 

1990s." Journal of Management 25 (1999): 231-92. Web. 

 

Begley, Thomas M., and David P. Boyd. "Psychological Characteristics Associated with 

Performance in Entrepreneurial Firms and Smaller Businesses." Journal of Business 

Venturing (1987): 79-93. Web. 

 

Cardinal, Rosalind. "6 Management Styles and When to Use Them." 

Http://www.huffingtonpost.com/. N.p., 13 Jan. 2013. Web.  

 

Goleman, Daniel. "Leadership That Gets Results." Https://hbr.org. N.p., Mar.-Apr. 2000. Web. 

 

Hull, Patrick. "Motivation Mystery: How to Keep Employees Productive." 

Http://www.forbes.com/. N.p., 23 May 2013. Web. 

 

Maatz, Lisa. "The Awful Truth Behind The Gender Pay Gap." Forbes. Forbes Magazine, Apr. 

2014. Web.  

 



65 
 

Meister, Jeanne. "Job Hopping Is the 'New Normal' for Millennials." Forbes. Forbes Magazine, 

Aug. 2012. Web. 

 

Nitin, Noharia Boris Groysberg, and Linda-Eling Lee. "Employee Motivation: A Powerful New 

Model." Https://hbr.org. N.p., July-Aug. 2008. Web.  
 

Rodriguez, Rody. "Leadership Behavior Description Questionnaire (LBDQ & LBDQ-

XII)." Online Instruments, Data Collection, and Electronic Measurements: Organizational 

Advancements. IGI Global, 2013. 97-117. Web. doi:10.4018/978-1-4666-2172-5.ch006 

 

Thomas, Kenneth. "The Four Intrinsic Rewards That Drive Employee Engagement." 

Http://iveybusinessjournal.com/. N.p., 2009. Web. 

 

Tremblay, Maxime. "Work Extrinsic and Intrinsic Motivation Scale: Its Value for Organizational 

Psychology Research." Journal of Behavioural Science 42 (2013): n. pag. Web. 

 


