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2015: A Year of Research in Review
Ahsan Ali, Jade Connor, James Courtright, Paul Early, Tanner Hood, David Le, Boyan Leng, Mallory 
Myers, Aparna Sarode, and Vivianna Wu  
Baylor University, Waco, Texas, USA

In 2015, we saw many breakthroughs in science, from the completion of the genome sequencing of the Kennewick Man to new obser-
vations of the landscape of the dwarf planet Pluto. Scientific discoveries were made every single day: according to the International 
Association of Scientific, Technical, and Medical Publishers, approximately 7-9 million articles were published in 2015. The sheer 
volume of research output in 2015 made it difficult to select which research articles to highlight in our journal. Despite this fact, we 
chose ten scientific developments that were published in 2015, taking care to highlight a variety of scientific disciplines. While these 
ten discoveries in no way are the most significant breakthroughs made in 2015 (only time will reveal their significance), they represent 
some key qualities of good scientific research: collaboration, ingenuity, precision, and perseverance. Through this short introduction 
to some of the work done by researchers last year, we not only learn about the research being done in the world, but also gain insight 
into how undergraduate research at Baylor University fits into the greater narrative of modern science.

	 Introduction

CRISPR: A New Innovation in Gene Therapy

By utilizing the power of the gene editing enzyme complex 
CRISPR, several different teams of researchers have been able 
to alter the genes of mice affected by Duchenne muscular 
dystrophy.1 The loaded CRISPR complex can cut away the 
hindering mutations on the gene that produces dystrophin, 
allowing the mice to retain the use of their muscles. This tech-
nology could potentially help hundreds of thousands of people 
afflicted with the disease.

For more information, go to: http://www.sciencemag.org/
news/2015/12/crispr-helps-heal-mice-muscular-dystrophy

Zika Virus: A New Strain

The Zika virus is spread by bites of infected mosquitoes in the 
Aedes genus. The virus was first identified in the Zika Valley in 
Uganda and has spread to southern Asia, the Pacific Islands, 
and the Americas. Infected patients can experience fever, rash, 
and joint pain. While it is not generally dangerous to children 
or adults, it can cause great risk for unborn babies. There have 
been multiple cases of microcephaly in babies of infected 
mothers, but the mechanism behind this is still unknown.2 
There is currently no vaccination for this virus, but strides have 
been made to find a vaccination in the upcoming year.

For more information, go to: http://www.who.int/mediacentre/
factsheets/zika/en

Cancer-Detecting Blood Test: Improved 
Diagnostics

A team of researchers at the University of Umea has developed 
a method of detecting cancer with a blood test.3 The blood 
test enables researchers to examine the changes in the RNA of 
blood platelets induced by tumor cells. In the study, the blood 
test correctly detected whether or not a patient had cancer 96 
percent of the time. This breakthrough brings us one step clos-
er to improving early cancer detection and reducing invasive 
detection methods. 

For more information, go to: http://www.upi.com/Health_
News/2015/11/12/Blood-test-can-detect-classify-cancer-in-the-
body/5391447346361
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The Periodic Table: The Final Elements

The seventh row of the period table is now complete. Over the 
past decade, researchers from Japan, Russia, and the United 
States have discovered elements 113, 115, 117, and 118 by 
tracking the decay of lighter elements. Although the research 
itself was not conducted in 2015, the International Union of 
Pure and Applied Chemistry (IUPAC) officially credited the 
researchers with their discoveries in December after years of 
investigation to confirm the findings.5,6 Now, in 2016, these 
four elements will be named and begin to appear on periodic 
tables around the world.

For more information, go to: https://www.sciencenews.org/
article/four-elements-earn-permanent-seats-periodic-table

Teixobactin: The Latest Antibiotic

At the beginning of 2015, through collaboration between numer-
ous German and American scientists, a new antibiotic known as 
Teixobactin was discovered.9 Teixobactin is the first new antibiotic 
developed in the past thirty years, and will be the first in a new 
class of bacteriacidals. This antibiotic was shown to not display 
any antibiotic resistance when tested against Methicillin-resistant 
Staphylococcus aureus. Not only does this drug show promise in 
the age of antibiotic resistance and superbugs, but the iChip tech-
nology used to engineer Teixobactin showcases great potential for 
future landmark drug discoveries. 

For more information, go to: http://phenomena.nationalgeographic.
com/2015/01/07/antibiotic-resistance-teixobactin

Lymphatic Vessels in the Brain: A First Look

Researchers at the University of Virginia School of Medicine have discovered lymphatic vessels in the brain, which 
have long been thought not to exist.4 Previously, the mechanisms by which immune cells enter and exit the central 
nervous system were poorly understood. When asked how these lymphatic vessels remained undetected for so 
long, the researchers described them as “very well hidden” and in an area difficult to image. The finding has signif-
icant implications for the study of neurological diseases such as Alzheimer’s, multiple sclerosis, and autism.

For more information, go to: http://neurosciencenews.com/lymphatic-system-brain-
neurobiology-2080

Mass Extinction: The Risk Remains

The sixth mass extinction is nearly upon us, but will it be caused by an asteroid or some other natural disaster? According to 
scientists: it is neither.8 The cause of the sixth mass extinction is humankind. Through the destruction of ecosystems and resource 
overuse, man has inadvertently caused a decay of biodiversity that is more rapid than previous extinction events. This extinction 
event still has the potential to be halted via increased conservation efforts, however, the window of opportunity is quickly closing.

For  more  information, go to: https://www.washingtonpost.com/news/morning-mix/wp/2015/06/22/the-earth-is-on-the-brink-of-a-
sixth-mass-extinction-scientists-say-and-its-humans-fault

Genetically Engineered 
Poliovirus: Alternative Treat-
ment Option for Cancer Patients

At Duke University, clinical trials are currently ongoing that 
utilize genetically engineered poliovirus (PVS-RIPO) as a treat-
ment for recurrent glioblastoma brain tumors. As an oncolytic 
virus that is administered directly into the tumor, PVS-RIPO 
targets almost all cancer types by eliciting the human immune 
response to the infected area.7 Preliminary findings show no 
harm to neurons and no risk of PVS-RIPO reverting back to 
wild type and causing poliomyelitis. This clinical trial, if success-
ful, introduces a new way to treat cancer.

For more information, go to: http://www.cancer.duke.edu/btc/
modules/research3/index.php?id=41

Image Courtesy of Dr. Graham Beards
Available at https://commons.wikimedia.org/wiki/Category:Antibiotics#/media/File:M._cat_BSAC.JPG

Image Courtesy of the National Library of Medicine
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Liquid Water on Mars: New Evidence

Since 2011, scientists have seen potentially water-related streaks appear 
and disappear on the surface of Mars. These streaks appear in the warm 
seasons, when water is most likely to be in its liquid state, and disappear 
during the cold season. Recently, scientists have found hydrated salts 
along these streaks that confirm the original hypothesis that the streaks 
were formed by water.10 These salts would lower the freezing point of 
water and provide further evidence for the presence of liquid water on the 
surface of Mars.

For more information, go to: http://www.nasa.gov/press-release/nasa-
confirms-evidence-that-liquid-water-flows-on-today-s-mars
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Blocking HIV: A Potential Treatment

HIV now has a potential treatment through gene 
therapy. By changing the virus' CD4 protein receptor, 
researchers have prevented HIV from attaching itself 
to immune cells.11 This process is achieved by modi-
fying the HIV CD4 protein receptors to CD4-Ig. This 
test of the new gene therapy is potent in animals, but 
the effects in humans are still unknown.

For more information, go to: http://www.sciencemag.
org/news/2015/02/stopping-hiv-artificial-protein

Image Courtesy of NASA/JPL/University of Arizona
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Introduction
This study specifically focused on levels of 17β-estradiol, 

the primary female sex hormone. A derivative of this hormone 
is a major component of oral contraceptives and synthetic 
hormones given to cattle. This is particularly relevant because 
there are many dairy farms in Texas. Runoff from these farms 
contains 17β-estradiol and therefore deposits considerable 
quantities of the hormone in rivers and bodies of water.1 These 
elevated levels can cause male fish to develop female repro-
ductive characteristics, affecting fish populations and thus 
the whole aquatic ecosystem.2 It is still unknown whether or 
not these hormones can affect humans over a long period of 
exposure. This project aimed to determine whether or not the 
wetlands, as a natural water purifier, would successfully re-
move the estrogen added to the water by the dairy farm runoff. 
The hypothesis was that the concentration of estrogen in the 
water of the Lake Waco Wetlands would decrease as the water 
traveled through the cells. To answer this question, water was 
collected from the different cells of the wetlands and assessed 
with an enzyme-linked immunosorbent assay (ELISA) test. 
The ELISA assay was used because it was the most sensitive 
test for detecting the levels of estrogen necessary for a relatively 
low cost. Most bodies of water contain trace amounts of estro-
gen, usually in the range of 1 to 80 ng/L, thus a sensitive test 
was necessary to ensure that the experiment would detect such 
potentially low levels.3 

Methods and Materials
Water is pumped into the wetlands from the North 

Bosque River where it flows in succession through the cells, 
which are man-made sections of decreasing elevation in the 
wetlands.  Five locations around the wetlands were marked 

with flags for consistent data collection. These locations were: 
the entrance of the wetlands at which water is pumped in from 
the North Bosque river, the exit points of Cells 1, 2, 3, and 
4, and the westernmost section of Lake Waco nearest to the 
wetlands where the water exits.4  Each week, two 20 mL glass 
vials were filled at each location, for a total of 12 samples. Once 
back at the lab, two more 20 mL glass vials were filled with tap 
water from the lab sink to be used as a control because the tap 
water has been purified by traditional city water purification 
methods. The total number of samples was 56 including con-
trols, with fourteen samples collected per week for four weeks. 
Samples were collected on March 25, April 1, April 8, and April 
15, 2015, which will be labeled Weeks 1-4 from here on. 

First, 50 μL of six different standard solutions, which 
were provided with the ELISA test, were added to the wells 
of the test strips. This provided a standard of comparison 
each week for the collected samples.  The six standards had 
concentrations of 0, 3, 6, 9, 15, and 25 pg/mL, respectively. 50 
μL of each sample, as well as the controls, were then added to 
their respective wells. The wells provided with the ELISA test 
contained antibodies to which the estrogen in the water could 
bind. 

Then, 50 μL of E2 antibody solution were added to each 
well.  The wells were covered in parafilm and swirled for 20-30 
seconds before incubating for 30 minutes at room temperature. 
After this incubation period, 50 μL of E2 HRP conjugate solu-
tion were added to the individual wells. The wells were again 
covered with parafilm, mixed and incubated at room tempera-
ture, this time for 90 minutes. The antibodies in the solution 
bound to the estrogen that was already bound to the antibodies 
in the assay, and produced a chemical reaction. 

While the samples were incubating, the wash solution 
was diluted with deionized water. 10 mL of the concentrated 

Abstract
The objective of this project was to determine the efficiency of the wetlands in the removal of 17β-estradiol from the water supply. 
The hypothesis was that the concentrations of 17β-estradiol would decrease as water traveled through the Lake Waco Wetlands. 
The water was collected from the North Bosque River, each cell of the Lake Waco Wetlands, and Lake Waco. After collection, the 
water’s estradiol concentration was tested using an ELISA assay and a Biotek ELx800 Microplate Reader. The results falsified the 
hypothesis, because there was no statistically significant change in concentration as the water traveled through the Lake Waco 
Wetlands. This allowed the researchers to conclude that the wetlands did not significantly remove 17β-estradiol from the water 
supply in this study. Because the wetlands cannot purify the water of this potentially harmful hormone, there are significant 
ecological ramifications for the surrounding aquatic populations as well as any humans who drink water from this area. 

Katie Colanero, Connor Dillon, Alexa Larsen, and Marty Harvill, Ph.D.
Department of Biology, Baylor University, Waco, Texas, USA

	 Original Research

Trends of 17β-estradiol Concentrations in the 
Lake Waco Wetlands
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solution was diluted with 40 mL of deionized water in a 
200 mL beaker for a total of 50 mL. 

After the incubation period was completed, the liquid 
contents of the wells were discarded, leaving only the bound 
antibodies and estrogen. The wells were then rinsed with the 
diluted wash solution concocted earlier. The rinse procedure 
included 250 μL of wash solution per well repeated four times. 
Once clean, 150 μL of substrate/color solution were added to 
the wells and incubated once more, this time for 20 minutes 
at room temperature. The color solution reacted with the 
contents left in the well to produce a color change that was 
inversely proportional to the concentration of estrogen present 
in the sample.

When the wells had been incubated for the final time, 
100 μL of stop solution were added to the well in the same 
sequence as the substrate/color solution was added. The de-
gree of color change indicated the degree to which a positive 
reaction had occurred, which was proportional to the amount 
of estrogen bound to the antibodies in the well.  The plate con-
taining the wells was then taken to a Biotek ELx800 Microplate 
Reader, located in the Molecular Biosciences Center at Baylor 
University. An absorbance test was run using a 450 nm filter. 
This was done within 15 minutes of the completion of the 
reaction to maximize accuracy. Absorbance spectroscopy was 
used to obtain an exact measure of the degree of color change. 
The standard solutions were used to describe the absorption as 
a function of concentration in order to determine the concen-
tration of estrogen in the samples.

Results
The ELISA assay, when read with a microplate reader, 

yielded data values that represented the absorbance of the 

liquid inside each cell when a wavelength of 450 nm was used 
in the ELx800 microplate reader. The absorbance is an indica-
tion of how far the reaction of the estrogen with the estrogen 
antibody solution was able to proceed, and thus an indicator of 
the amount of estrogen that was present in the sample. More 
estrogen present meant the reaction was able to proceed far-
ther, meaning less reactants were left in solution to react with 
the color solution and the solution absorbed less light. The 
standards of known concentration were used to create a stan-
dard curve for each week. Each standard was divided by the 
zero standard for that week to obtain a %B/B0 standard value. 
Any outliers in the standards were excluded in order to create 
a more accurate best-fit curve. The %B/B0 was then graphed 
versus the concentration to form a standard curve (Figure 1). 
A trend line was then fit to the standard curve, yielding a cubic 
polynomial equation with a y-intercept of 1, because the %B/
B0 of the 0 Standard was 1. The cubic polynomial displayed 
%B/B0 as a function of the estrogen concentration of the 
sample. Although the data points in the standard curve for 
week 2 appear to deviate from the best-fit curve more than the 
standard curves for the other weeks, the R2 value for the data 
set was 0.9589, which indicated a close enough fit to include 
the data.

The data for the samples was divided by the zero stan-
dard to obtain %B/B0 sample values, which were then used in 
conjunction with the cubic trend line equation to obtain the 
concentration values of the data. The replicates for each cell 
were then averaged to obtain averages for each cell by week 
(Figure 2). The data for all the weeks was then averaged to dis-
play a monthly average estrogen level for each location in the 
wetlands (Figures 3 and 4). The data shows trends over time, 
with high levels of estrogen moving through the wetlands and 

Figure 1. Standard Curves calculated from B%/B0 values v. 17β-estradiol Concentration (pg/mL) by week.The data for Week 3 Standard 2 
(6 pg/mL) and Week 4 Standards 2 and 3 (6 pg/mL and 9 pg/mL) were left out of the standard curves because they were outliers.
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Figures 3 and 4. Average 17β-estradiol Concentration (pg/mL) by Sample Location
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thus appearing in successive cells in successive weeks. Howev-
er, the overall monthly averages of the estrogen levels in each 
cell are not statistically significantly different, as the error bars 
overlap (Figure 4).

Discussion
The working hypothesis was that the wetlands would re-

move 17β-estradiol from the water due to their water purifying 
abilities. If the hypothesis had been correct, the estrogen levels 
would have significantly decreased from the river to Cells 1-4 
to the lake. However, the averaged data shows no statistically 
significant increase or decrease in 17β-estradiol levels from 
Cell 1 to the lake because the standard error bars overlap (Fig-
ure 4). Thus the hypothesis has been falsified; the wetlands do 
not successfully remove 17β-estradiol from water. These results 
are consistent with the conclusion that, “wetland treatment did 
not remove environmental estrogens in the water” found in Xie 
et al.2 The 17β-estradiol concentration in the river is signifi-
cantly lower than the rest of the locations, which may be due to 
the fact that the water is flowing more quickly in the river than 
in the cells of the wetlands, causing less 17β-estradiol to be 
retrieved during sample collection. 

The samples collected in Week 3 demonstrated a gen-
eral increase in concentration (Figure 2). The dates between 
Week 2 and Week 3 were April 1-8, 2015. An examination of 
the weather data collected by the Waco Wetlands revealed a 
significant amount of rainfall, around 7 mm, between April 4 
and April 7 (Figure 5). Rain causes more soil runoff from the 
dairy farms that contribute 17β-estradiol to the water, thus 
estrogen concentration increases after a rainfall. This increase 
in concentration, however, caused the data to be highly varied, 
increasing the standard error and possibly masking trends in 
17β-estradiol concentration that may have appeared as the 
water flowed through the wetlands. For example, in week 3, 
the concentration of estrogen in the lake was calculated to be 
above 25 pg/mL, which is an extrapolation of the standard 
curves. Regardless, the data still shows a trend of increased 
estrogen throughout the wetlands in week 3 due to the rainfall.  
Furthermore, the spike in estrogen concentration did not 
appear in cell 2, demonstrating the high variability in estrogen 
levels especially following rainfall conditions. 

The average concentrations of all samples except those 
collected from the river were significantly higher than the 
control, which was Baylor University tap water. The concen-
trations of samples from the lake were especially high, which 
could suggest that the estrogen accumulated in the more stag-
nant body of water over time. However, the tap water control, 
which is water from Lake Waco that is passed through a water 
purification plant, was relatively low. This trend indicates that 
at some point during the water purification process that allows 
the Lake Waco water to become potable, a significant amount 
of estrogen is removed. Further investigation is needed to 
determine how the estrogen is removed and whether or not 
the 4.143 pg/mL concentration of 17β-estradiol in the tap 
water (Figure 3) have had or could later have harmful effects in 
human and animal populations. 

This proposal is significant because of its ecological impli-

cations. According to Zheng et al., “In vitro studies have shown 
that low concentrations of steroid estrogenic hormones... can 
adversely affect the reproductive biology of aquatic wildlife.”5 
Additionally, Kidd et al. found that “Male fishes downstream 
of some wastewater outfalls [display]… feminization [that] has 
been attributed to the presence of estrogenic substances such 
as natural estrogens [estrone or 17β-estradiol (E2)].”2 These 
negative effects impact the entire wetland community because 
changes in fish population have ramifications on the popula-
tions of both their predators and their prey. Further studies 
could examine whether or not these elevated levels of estrogen 
in water supplies could also have effects in human populations 
as a result of long-term exposure.  
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Abstract
Concentrations of synthetic sugars in wastewaters have increased due to human inability to absorb these artificial compounds 
and the incomplete removal of these compounds in wastewater treatment plants.1-5 The effect of these synthetic sugars on other 
aquatic organisms remains unknown. The question was asked how sugars, both natural and artificial, comparatively affect the 
photosynthetic activity of Chlorella vulgaris. In 15 separate containers of a 2.00 L solution, the effect of the sugars aspartame, ace-
sulfame-potassium, sucralose, Equal Classic, and pure cane sugar on algal growth was observed. Each sweetener was compared 
at 3 different amounts: 0.10 g, 1.00 g, and 10.00 g, and to a control containing no added sugar. Significant detrimental effects on 
the photosynthetic activity of Chlorella vulgaris were observed due to the added synthetic sugars. This was graphed as the percent 
change in the dissolved oxygen (mg/L) over a 3-week period. All added sugars showed significant changes in the percent change 
of dissolved oxygen from the baseline present in the sample at week 3 at amounts of 0.10 g and 1.00 g. This preliminary study may 
prove important in explaining the effects of synthetic sugars as these values continue to increase in wastewater areas.

Introduction
Synthetic sugars have been observed in various wastewa-

ter and watershed areas, yet their effect on aquatic organisms is 
still not fully understood.3-4, 6-8 Chlorella vulgaris is a dominant 
algal species found in areas similar to the Lake Waco Wetlands, 
where the culture water in this experiment was collected.9 In 
this experiment, Chlorella vulgaris represents aquatic organ-
isms being affected by the increased concentration of synthetic 
sugars in the habitat. 

We hypothesized that synthetic sugars, specifically 
acesulfame-potassium, would show a more detrimental effect 
on the photosynthetic activity of the algae than the naturally 
occurring pure cane sugar. The research consisted of mea-
suring the effect of each aspartame, acesulfame-potassium, 
sucralose, Equal Classic, and pure cane sugar on the photosyn-
thetic activity of Chlorella vulgaris in comparison to the control 
containing no added sugar.

This study focuses on acesulfame-potassium because of 
its presence in wastewater areas. There have not been sufficient 
studies to conclusively state the effect acesulfame-potassi-
um has on organisms in the environment, but it has shown 
possible impact on aquatic ecosystems due to its phototoxic-
ity.3, 4 Acesulfame-potassium is approved by the United States 
Food and Drug Administration for consumption and does 
not consistently break down under extreme conditions.10 One 
study observed 10 different wastewater treatment plants where 
acesulfame-potassium was consistently detected at 12-46 µg/L.7 
Sucralose and aspartame are detected at similar levels in waste-
waters.3-4, 6, 8, 11 The persistence of these synthetic sugars formed 
the basis of this experiment.

Figure 1. The distribution of percent change (p_change) of dissolved 
oxygen from the control baseline in 0.10 g of the sugars

Figure 2. This table shows significant differences in the comparison 
the effect sugars had on the percent change of dissolved oxygen from 
the control baseline at 0.10 g.
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Methods and Materials
Analytical standards of sugars were acquired. Aspartame 

and sucralose were purchased from NuSci. The brands for 
C&H Pure Cane and Equal Classic, respectively, were used. 
Acesulfame-potassium was purchased through “Prescribed For 
Life.” Eighteen rectangular transparent plastic containers from 
Sterilite were used to contain the cultured algal solution, which 
consisted of water from the Lake Waco Wetlands, Alga-Gro 
Freshwater Medium from Carolina Biological, and a Chlorella 
vulgaris suspension from Ward’s Science. The concentration 
of dissolved oxygen (mg/L), was measured using a Vernier 
Optical DO probe. 

 Each of the 18 containers was filled with 2.00 L of water, 
50.00 mL of medium, and 100 µL of Chlorella vulgaris suspen-
sion. After one week, 3 of the 18 containers served as controls 
while the remaining 15 contained one specific type of sugar 
at three different amounts: 0.10 g, 1.00 g, and 10.00 g. The 
concentration of dissolved oxygen (mg/L) and the fluorescence 
were recorded at equal intervals 3 times a week. 

Results
The statistical graphs present a comparison of the effect 

the added sugars had on the photosynthetic activity, repre-
sented as the average percent change in the dissolved oxygen 
(mg/L) from the baseline, in the water sample. The baseline 
is the change in the concentration of dissolved oxygen in the 
control. The significant variance observed for each amount of 
all five sugars against the control at week 3 is presented in the 
Figures 2, 4, and 6. Statistical analysis is used to determine the 
effect that added sugars have on the photosynthetic activity 
by considering the percent change in the dissolved oxygen 
(mg/L), from the baseline. Each of the five sugars used similar 
concentration levels and are compared against a zero-dose 
placebo control as given in the water sample. Dunnett's test 
was used to determine if the mean percent change for the 
sugars have a significant reduction in dissolved oxygen (mg/L) 
when compared with the water control group.12 The statistical 
results for the respective level of amounts (0.1 g, 1.0 g, and 
10.0 g) are given in Figures 2, 4, and 6 with the accompanying 
graphs given in Figures 1, 3, and 5. Figures 1, 3, and 5 show the 
distributions of average percent change in the dissolved oxygen 
(mg/L) exhibited by the various synthetic sugars. 

As shown in Figures 2, 4, and 6, the percent change of 
dissolved oxygen significantly decreased for acesulfame-
potassium and Equal Classic at all added amounts. Additional-
ly, aspartame, sucralose, and pure cane sugar at added amounts 
of 0.10 g and 1.00 g resulted in significant decreases in the 
percent change of dissolved oxygen at the 0.05 confidence 
level. The percent change of dissolved oxygen is directly related 
to the amount of oxygen being produced by photosynthetic 
activity of the algae. Therefore, the significant decreases in the 
percent change of dissolved oxygen indicates that there was a 
significant decrease in the photosynthetic activity of the algae 
when exposed to the varying amounts of synthetic sugars.

Discussion
The data indicates that all of the synthetic sugars as well 

Figure 3. The distribution of percent change (p_change) of dissolved 
oxygen from the control baseline in 1.00 g of the sugars

Figure 4. This table shows significant differences in the comparison 
the effects the sugars had on the percent change of dissolved oxygen 
from the control baseline at 1.00 g.

Figure 5. The distribution of percent change (p_change) of dissolved 
oxygen from the control baseline in 10.00 g of the sugars 

Figure 6. This table shows significant differences in the comparison 
the effects the sugars had on the percent change of dissolved oxygen 
from the control baseline at 10.00 g.
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as pure cane sugar had a detrimental effect on the photosyn-
thetic activity of Chlorella vulgaris, with acesulfame-potassi-
um and Equal Classic showing significant effects at all added 
amounts. Aspartame, sucralose, and pure cane sugar did not 
show significant decreases in the percent change of dissolved 
oxygen from the control baseline at 10.00 g. Aspartame, 
sucralose, and pure cane sugar did not produce significant 
variance at 10.00 g, which may be due to the extreme decrease 
that occurred in Equal Classic in comparison to the control. 
Further statistical analysis may be examined to reveal whether 
or not the changes caused by aspartame, sucralose, and pure 
cane sugar at 10.00 g was significant. 

Introduction of sugars, both natural and synthetic, was 
shown to decrease the rate at which photosynthesis occurred 
over a 21-day period, as represented by the decreasing amount 
of dissolved oxygen, a direct byproduct of photosynthesis. The 
decrease in the percent change from the baseline that occurs 
at week 3 may be attributed to the introduction of synthetic 
sugars, or to other growth factors. It is possible that this is the 
result of density-dependent inhibition or competitive exclusion 
that causes the death of a percentage of the algae due to the 
lack of resources to support exponential growth. Other studies 
have shown the photosynthetic rate of Chlorella vulgaris being 
inhibited by the presence of glucose.13 The uptake of different 
sugars by plants varies by many factors including the natural 
presence of that sugar in the plant or algae and the concentra-
tion of the added sugar.14 The rate of photosynthesis declined 
when the synthetic sugars were introduced. Sucralose has been 
proven as a competitive inhibitor of ShSUT1 in tests on sugar-
cane and has been shown to cause sublethal effects on Daphnia 
magna.15, 16 In other studies, sucralose has not been proven to 
inhibit sucrose uptake or plant growth rate.17 The effects shown 
by Equal Classic may be attributed to one of the components of 
the synthetic sugar compound or on the compound as a whole. 

For more conclusive results, further research would be 
required to test the effects of maltodextrin, a synthetic sugar 
also found in Equal Classic. Expansion of this research may 
include determining what specific component in synthetic sug-
ars is detrimental and at what amount these sugars start show-
ing a detrimental effect. As human consumption of synthetic 
sugars increases, their concentrations in wastewater areas will 
increase as they pass unabsorbed through digestion.2 In order 
to protect aquatic organisms from the potentially harmful 
effects of these sugars, it may soon become necessary to moni-
tor the concentrations of synthetic sugars in water reserves.
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Abstract
Compared to other topics within statistics, research on record values is relatively recent. There is currently no method for model-
ing record times for various distributions based on a single parameter. This paper proposes a new probability distribution which 
can be used to model the rth record times from a set of normally distributed data with a single parameter, r. This distribution was 
derived through a simulation of independent standard normal data which was run until the 10th record was observed. Several of 
the graphs of the record times are shown. A goodness of fit analysis was performed to compare the logarithm of the record times 
with a lognormal distribution, the transformation of which is how this probability distribution was derived. Also proposed in this 
paper are common percentiles for several r values, a numerical estimation for the median of the distribution, and an estimator for 
r. The median and estimator for r were computed, and the bias of their results is shown.

Introduction 
The majority of research in record statistics today is built 

upon work done by K. N. Chandler in 1952.1 This research 
sought to determine whether the number of iterations it takes 
to reach the rth record fits a distribution, so that future prob-
lems could predict intervals of record times for the rth record 
achieved. The amount of time it takes to simulate records from 
normally distributed data past the 10th record is large, often-
times requiring greater than 10 million simulated values; thus, 
being able to calculate confidence intervals could be a helpful 
tool in order to determine approximately how many data val-
ues are necessary in order to achieve the rth record. 

In this paper, a record is defined as the highest value in 
a set of given data, and a record time is the number of itera-
tions it takes to reach a record from the start of data collection. 
Because the first data point measured is the highest data point 
in the set, we will consider the first data point measured to be 
the 1st record. 

Methods
A simulation study was performed in R, the statistical 

computing software, using standard normal data. The record 
times to reach the rth record were saved for records 1 through 
10 across 46,099 sets of data. When fitting the data, it was 
observed that the natural log of the data fits the lognormal 

distribution, with ln( 1)rµ → − and 1
r

σ → . From this, we 

performed an inverse log transformation on the lognormal 
probability distribution function and substituted these values 
in for μ and σ to reach a new probability distribution, which we 
call the Myers Distribution. 

Figure 1. Record Time Probability Distribution for 7th Record

Figure 2. Log of Record Times for 9th Record. Heavy overlap indi-
cates that this distribution follows closely with the data.
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Results
Distribution
The lognormal probability distribution function is given by:
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	 Figure 1 displays the new probability distribution for r=7. 
Figure 2 shows the similarity between the lognormal distribu-
tion and the log of the sample data for r=9.

Moments
In order to calculate E[Yk], where Y~Myers(r), we know 

Y=eX where X~lognormal(μ = ln(r-1) and 1
r

σ = ). So, 

E[Yk]=E[eXk], which is the Moment Generating Function for 
the lognormal distribution. Because the lognormal distribution 

has no moment generating function, the moments for the 
Myers Distribution are not finite.

Cumulative Distribution Function
The integral of the probability density function is not de-

fined; however, percentiles can be calculated when r is known. 
Table 1 shows the percentiles for r > 1. It does not make sense 
to arrive at the rth record in x iterations if x is less than r (i.e., 
reaching the 4th record after only 3 data values); therefore, for 
the lower values of r where this is observed, it may be a valu-
able practice to substitute r for those x values.

Median
The logarithm is a monotonic function. Because the 

median for the lognormal distribution is known to be eµ, we 
know the median for the Myers Distribution can be evaluated 
as

ln( 1)ree
−

, or er-1.Table 2 displays the values of the evaluated 
median, which can be compared to the cumulative distribution 
function value for γ=0.500.

Estimators
Because this distribution is a transformation of the 

Normal Distribution, and we know the estimator for µ for the 
Normal Distribution, we can calculate the estimator for this 
distribution. 

Tables 1 and 2. Cumulative Distribution Function (CDF) values and median values of various record times. For a given value of r, γ is the prob-
ability that the number of iterations it takes to reach the next highest record is less than or equal to the value shown.

Table 3. Estimator Results
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Estimator results from an independent, smaller sample of 100 
observations is shown in Table 3.

Asymptotic Results
It should be noted that as ,r µ→∞ →∞  and 0σ → .

Conclusion
Although the distribution proposed in this paper 

surrounding this research was focused on normally distrib-
uted data in which the mean and standard deviation remain 
constant, further research could be performed to consider the 
distribution of record times for other probability distributions, 
as well as for distributions in which the parameters are not 
constant (such as in weather or sports data, where the popula-
tion mean increases over time). This could help to potentially 
analyze the number of days it will take to reach the next record 
high temperature in a given city, for instance.

Nomenclature
rth record time	 Distribution changes based on the 
		  value of r
µ		  Mean of the distribution
σ		  Standard deviation of the distribution
γ		  Probability that the record time is less than 
		  or equal to a given value based on r
E[Yk] 		  Moments of the probability distribution
r̂  		  Estimator for r calculated from simulated 
		  data
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Abstract
Modern jet engines experience fluid temperatures that would normally melt many of their components. The high-pressure 
turbine eliminates this problem by cooling the blades with internal channels of air and producing a film of relatively cool air on 
the surface of the blades. The higher temperatures are also experienced by the low-pressure turbine but it does not utilize any 
cooling technologies. The problems created by high temperatures in the low-pressure turbine are compounded by flow separa-
tion, ultimately causing large thermal stresses on the blades. At low altitudes, when the Reynolds number is high, fluid flow in 
the low-pressure turbine tends to stay attached to the surface of the blades. However, at the high altitudes reached during cruise, 
the low Reynolds number (25,000 to 200,000) flow frequently separates from the suction surface of the blades. These experiments 
test how the flow field of the L1A turbine blade changes as the Reynolds number and turbulence intensity vary within the Baylor 
University Cascade Wind Tunnel (BUC). Quantifying this change will help to understand the different flow environments found 
on the low-pressure turbine over its operational range and how they affect efficiencies of the engine. This paper is a study on how 
free stream turbulence intensity and Reynolds numbers affect flow separation in modern jet engines.

Introduction
As air passes through a jet engine, the air will transition 

from a low-pressure, low-energy state to a high-pressure, 
high-energy state in the combustor just before passing through 
the turbine. The turbine is a rotary device used to convert 
energy in a fluid flow into useable work. Once the air has 
passed through the high-pressure turbine, the low-pressure 
turbine will then extract additional energy from the flow and 
convert it into the work needed to drive the fan and low-pres-
sure compressor. Any remaining excess energy after passing 
through the low-pressure turbine is then converted into the 
thrust needed to propel the aircraft. Therefore, the less work 
required to spin the fan and low-pressure compressor, the 
more thrust is generated for the same amount of fuel. More 
thrust with less fuel cost results in a more efficient engine. 

NASA Glenn Research Center has found that there is 
a 2% decrease in relative efficiency in an aircraft engine as it 
travels from sea level at takeoff to the plane’s cruise altitude.1 
This decrease in relative efficiency is mainly caused by the 
occurrence of flow separation in the low-pressure turbine. 
When flying at high altitudes, flow separation, which causes 
pressure losses and lowers efficiencies, can be seen on the 
suction side of the low-pressure turbine blades. Flow separa-
tion is when the viscous boundary layer lifts off the surface of 
a turbine blade, due to an adverse pressure gradient or sharp 
turns (Figure 1). The top, convex surface of the blade seen in 
Figure 1 is called the suction surface; the bottom, concave 

surface is called the pressure surface. This paper is focused on 
flow separation from the suction surface of the blade. 

The beginning of an adverse pressure gradient is typically 
located at the maximum thickness of the turbine blade. As 
the airflow passes the maximum thickness of the blade, the 
adverse pressure gradient will cause the flow to slow down. 
This deceleration will cause the boundary layer to separate 
from the surface of the blade if the airflow enters the adverse 
pressure gradient with low momentum. This process results in 
an increase in pressure losses and a decrease in efficiency. 

Flow separation has an increased probability of occur-
ring at high altitudes due to a drop in density as the altitude 
increases. At an altitude of approximately 60,000 feet, the 
density of air drops to one-tenth of that seen at sea level. This 

Figure 1. Flow separation on the suction surface of a turbine blade 
represented by a streamline2
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low air density combined with a reduced throttle during cruise 
will typically result in a low Reynolds number between 25,000 
and 200,000. A Reynolds number (Equation 1) is the product 
of the flow velocity, V, the fluid density, ρ, and the character-
istic length of the blade, c, all divided by the fluid’s dynamic 
viscosity, μ: 

Vc Inertia ForcesRe
Viscous Forcesµ

ρ
= =

              (1)
	
The Reynolds number is also described as a ratio com-

paring the inertial forces in the flow to the viscous forces. A 
low-Reynolds number flow at high altitudes can be thought 
of as a low-momentum flow. This is because the density of 
air has fallen to a reduced value. This lower momentum flow 
will no longer be able to stay attached as it reaches the adverse 
pressure gradient and sudden turn of the blade. The flow will 
therefore separate. 

Flow separation in the low-pressure turbine is a signif-
icant problem. Many experiments have been conducted in 
order to better understand the basic characteristics of flow 
separation at low Reynolds numbers. Volino found that at a 
high freestream turbulence intensity, the separation bubble was 
thinner since the separated shear layer was thicker.3 In later 
experiments, Volino found that despite having high freestream 
turbulence intensities present, turbulent shear stress levels 
may remain low.4 Also, the location at which the flow transi-
tions from laminar to turbulent moves upstream due to higher 
Reynolds numbers or higher turbulence intensity. McQuilling 
et al. found that an uncontrolled flow is independent of Reyn-
olds number and turbulence intensity.5 Bons et al. attempted 
to control flow separation using vortex generating jets in his 
experiment.6 The size of the separation bubble was indeed 
reduced when using vortex generating jets with low duty cycles 
at about 10%. It was found that the boundary layer remained 
attached five to six times longer than without the jets. Van 
Treuren et al. studied the effects on flow separation through 
the use of vortex generators and by varying the freestream 
turbulence intensity.7 The results showed that the vortex 
generators are more effective at reducing flow separation 
at high Reynolds numbers and high freestream turbulence 
intensities than they are at low Reynolds numbers and low 
freestream turbulence intensities. All of these experiments 

provide information on flow separation and its characteristics 
to which this study will add. Previous studies have presented 
research showing that the Reynolds number and free stream 
turbulence intensity (FSTI) affect not only the size, but also 
the location of the separation bubble on the suction surface 
of turbine blades.8 This paper adds to the research previously 
conducted and quantifies the effects that varying the Reyn-
olds number and FSTI have on the separation bubble size and 
location.9

Methods and Materials
The BUC is an open circuit cascade wind tunnel designed 

to simulate low momentum flows, similar to those seen at high 
altitudes. The BUC consists of several different pieces of equip-
ment used to drive the flow and collect data (Figure 2). 

A Cincinnati Blower Fan, model HDBI-160, provides 
the pressure gradient needed to force air through the BUC. A 
pitot-static tube connected a Mamac Systems PR-274 pressure 
transducer which measures and calculates the total, static, and 
dynamic pressures upstream of the test section. 

The DAQ system, used to collect experimental data, con-
sists of three NI DAQ cards (a NI 9211 Thermocouple Input 
Card, a NI 9205 Analog Input Card, and a NI 9263 
Analog Output Card) and a NI compact DAQ 9172 chassis. 
The thermocouple card measures the temperature of the air 
using a K-type thermocouple. The input card acquires differ-
ential pressure data from the pressure transducer. The output 
card controls the test section Reynolds number by sending a 
control signal to the fan. The chassis coordinates data transfer 
between a NI LabVIEW code and the DAQ cards. 

The test section holds 5 L1A profile, model low-pressure 
turbine blades. Blades 2 and 4 each have 21 static pressure 
ports on their suction surface and 20 static pressure ports on 
their pressure surface. Through tubing, the pressure ports 
are connected to two Scanivalve Digital Sensor Array 3217s 
(DSAs) which use the pressure ports to measure the static pres-
sure on the surfaces of the blades. Blades one, three, and five 
were fabricated using a Dimension SST 768 3D printer. 

The pressure distribution over the blades is mapped using 
the coefficient of pressure, Cp which is a dimensionless num-
ber that relates the velocity of the flow over the blades to the 
velocity of the flow upstream of the test section. The coefficient 
of pressure is the total pressure measured upstream of the 

Figure 2. BUC Schematic10
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test section, PT, subtracted by the static pressure measured at 
each pressure port, PSlocal, all divided by the upstream dynamic 
pressure (Equation 2). 

local localT S T S
p

2 T S

P P P P
 C      1 P PV

2
ρ

− −
= =

−                 (2)

A constant temperature hotwire anemometer and two 
traverses were combined to sweep across the BUC and deter-
mine the FSTI distribution in the test section. The hotwire 
consists of an IFA 300 constant temperature anemometer 
system and a single wire hotwire probe located half an axial 
chord length upstream of the test section. The hotwire, orient-
ed parallel to the floor of the tunnel, and halfway between the 
ceiling and the floor, faces directly into the flow from the fan. 
The hotwire was moved via the upstream traverse in half-inch 
increments across a 19.5 inch span resulting in 40 points where 
the FSTI was measured. 

Turbulence tests were run at three different Reynolds 
numbers (60,000, 108,000, and 165,000). At each of these 
Reynolds numbers, five different turbulence conditions were 
used: a “clean tunnel” configuration with no turbulence grid 
and four “dirty tunnel” configurations using turbulence grids 
of various sizes (0.5 inch, 0.75 inch, 1.0 inch, and 1.5 inches). 
The construction of the grids was based on a square mesh 
array of square bars, similar to the grids categorized by 
Roach.11 

The pressure variations along the surfaces of the turbine 
blades are characterized by measuring the Cp at each of the 
static pressure port locations along blades 2 and 4. Cp tests 
were also run at the three Reynolds numbers and five different 
turbulence configurations. The grids used for the Cp tests were 
the same as those utilized in the turbulence sweep tests. The 
Cp plots allow the data to be used to visually and quantitatively 
analyze the flow characteristics seen on the blades at varying 
Reynolds numbers and FSTIs. 

One of the key points in having confidence in the test 
results was showing flow speed uniformity across the tunnel 
and proving periodicity. Because blades 1 and 5 are mainly 
used to provide end wall effects in the test section of the BUC, 
the pressure distributions on these blades do not need to be 
known. Blades 2 and 4 are ported, so their pressure distribu-
tions are able to be recorded and Cp values plotted. Blade 3, 
however, is not pressure ported, so the pressure distribution is 
not known. The concept of periodicity can be used to help val-
idate the testing. Periodicity states that if the velocity between 
blades 2 and 4 is uniform and the pressure distribution across 
blade 2 matches the pressure distribution across blade 4, it can 
be assumed that the same flow characteristics apply to blade 3. 
This is a very valuable concept for cascade wind tunnels and 
was a key step in validating the BUC for research. 

To prove a periodic condition in the BUC, the tunnel set 
up was altered before testing to result in a constant velocity dis-
tribution across the test section. The velocity sweep test across 
the tunnel showed a velocity difference between blades 2 and 4 
of less than 1%, proving uniform flow, the first step in proving 
periodicity. This shows a very clean and well configured tunnel. 

The next step in proving the BUC produces periodic flow is 
in matching pressure distributions between blades 2 and 4. Cp 
plots showed similar pressure distribution between blades 2 
and 4 (Figure 3). 

	 The Cp test comparison resulted in a maximum of 
1.83% difference between the coefficients of pressure of the two 
blades. This shows similar pressure distribution and results in 
meeting the second requirement for proving periodic flow in 
the BUC.

Results
Fifteen different tests, each of which consisted of a turbu-

lence sweep test and a Cp test, were performed as a part of this 
experiment. Each test was run at one of 3 different Reynolds 
numbers while utilizing one of 5 different turbulence options 
(the clean tunnel, 0.5 inch grid, 0.75 inch grid, 1.0 inch grid, 
and the 1.5 inch grid). These different test conditions resulted 
in Reynolds numbers ranging from 59,233 up to 167,528 and 
FSTIs ranging from 1.89% up to 19.87%. Each trend seen in 
the tests was demonstrated for both the clean configuration of 
the tunnel as well as each of the dirty configurations. 

Figure 4 is a graph used to help visualize the results of 
the turbulence sweep tests when using the 0.5 inch turbulence 
grid and varying the Reynolds number in the tunnel. The 
graph shows the FSTI across the test section half an axial chord 
length upstream of the blades. 

The graph contains three curves describing the FSTIs 
found at the three Reynolds numbers in 0.5 inch increments 
across the BUC and averaged across blades 2 and 4. Other tests 
and comparisons were conducted but they showed similar 
trends to those present in Figure 4. 

The comparison in Figure 4 shows the effect that increas-
ing the Reynolds number for a given grid has on the FSTI in 
the BUC. After conducting turbulence sweep tests under each 
of the 15 test conditions, two trends were evident. First, as the 
Reynolds number in the test section increased, the average 
FSTI increased as well. Figure 4 shows that as the Reynolds 
number increased from 60,000 to 108,000, the FSTI increased 

Figure 3. Coefficient of Pressure v. Distance along Suction Surface of 
L1A Test Blades 2 and 4 at 100,000 Re
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Figure 4. Turbulence Sweep Tests Using the Same Grid while Varying Reynolds Number: FSTI Graph with 0.5 Inch Grid

Figure 5. Cp Tests Using the Same Grid while Varying Reynolds Number: Cp Graph with 0.5 Inch Grid

Figure 6. Coefficient of Pressure Tests Using the Same Reynolds Number while Varying Grids: Cp Graph at 108,000 Re
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by 1.12%, and as the Reynolds number increased from 108,000 
to 165,000, the FSTI increased again, but this time by 0.52%. 
This trend was also shown each time the turbulence grids 
remained constant and the Reynolds number varied. Second, 
in each of the five comparisons, FSTI in the tunnel increased 
faster between 60,000 to 108,000 Re then it did when changing 
from 108,000 to 165,000 Re (Figure 4). 

Figures 5 and 6 consist of graphs that help visualize the 
results obtained for Cp tests at each of the 15 different condi-
tions. These graphs show how the Cp changes at various points 
along the suction surfaces of the blades. 

Figure 5 shows the Cp tests when using the same turbu-
lence grid in the tunnel but varying the Reynolds number. This 
graph represents the 0.5 inch grid dirty tunnel configuration. 
The markers represent the Cps calculated at the 21 pressure 
ports along the suction surface of blade 2. The comparison 
shows the results of the pressure variations along the blades 
when using the 0.5 inch grid. In Figure 5, the Cp is plotted on 
the y-axis and the normalized position with respect to the suc-
tion surface length, s, is plotted on the x-axis. Other tests and 
comparisons were conducted but they showed similar trends 
present in Figure 5. 

The graph in Figure 5 shows the effect that altering the 
Reynolds number has on the coefficients of pressure in the 
cascade while using the same grid.  After conducting Cp tests 
for each of the 15 test conditions and comparing the results, 
several trends were shown. First, as the Reynolds number in 
the test section increased, the separation point moved towards 
the trailing edge of the blade. Figure 5 shows that as the Reyn-
olds number increased from 60,000 to 108,000, the boundary 
layer stayed attached longer, and as the Reynolds number 
increased from 108,000 to 165,000, the separation point moved 
even farther downstream. This trend was also found each 
time the turbulence grids remained constant, and the Reyn-
olds number varied. The second trend is that as the Reynolds 
number changed from 60,000 to 108,000, the reattachment 
point moved closer to the leading edge of the blade, and when 
the Reynolds number increased from 108,000 to 165,000, the 
reattachment point moved even closer to the leading edge. The 
third trend seen in Figure 5 is that as the Reynolds number 
changed from 60,000 to 108,000, the separation bubble 
decreased in size, and when the Reynolds number increased 
from 108,000 to 165,000, the separation bubble became even 
smaller. 

Figure 6 shows the results of the Cp tests when using dif-
ferent turbulence grids in the tunnel but keeping the Reynolds 
number constant. The markers represent the Cp calculated 
at the 21 pressure ports along the suction surface of blade 2. 
These comparisons show the results of the pressure variations 
along the blade. The Cp is plotted on the y-axis and the normal-
ized position with respect to the suction surface length, s, is 
plotted on the x-axis. 

The comparisons in Figure 6 analyze the effect that alter-
ing the turbulence intensity has on the coefficients of pressure 
in the BUC at different Reynolds numbers.  After conducting 
the Cp tests for each of the 15 test conditions and comparing 
the results, three trends were found. First, as the FSTI in the 
tunnel increased, the separation location moved farther down 

the suction surface of the blade. Figure 6 shows that as the 
FSTI increases from 2.82% to 4.24%, the separation location 
moved farther down the blade, and as the FSTI increases from 
4.24% up to 7.78%, the separation location moved even farther 
downstream. This trend continues until the FSTI jumps from 
11.92% to 19.28%. When comparing the Cp graph between 
these two points, it is shown that the separation location actu-
ally moves forward. This is an anomaly not seen in the other 
tests. It is believed this occurred because of random surging 
sometimes experienced at high turbulence intensities due to 
the sudden decrease in cross-sectional area of the 1.5 inch 
turbulence grid causing unsteady flow. The second trend seen 
in Figure 6 was that as the FSTI increased, the reattachment 
point moved closer to the leading edge of the blade. Figure 
6 shows that as the FSTI increased from 2.82% to 4.24%, the 
reattachment location moved closer to the leading edge of 
the blade and when the FSTI increased again from 4.24% up 
to 7.78% the reattachment occurred farther from the trailing 
edge. This trend was seen for every test except when compar-
ing data between the FSTIs of 7.78% and 11.92%. When com-
paring data between these tests, the reattachment point moved 
back farther along the blade. This was contrary to the trends 
viewed in all the other tests. This anomaly is again believed to 
be due to surging at the high turbulence intensities. The third 
trend from Figure 6 was that as the FSTI increased, the separa-
tion bubble decreased in size.

Discussion
The change in flow characteristics and pressure distribu-

tions on L1A low-pressure turbine vanes as FSTIs and Reyn-
olds numbers were varied has been studied. When generating 
turbulence intensities using square and rectangular bar turbu-
lence grids, eight trends characterizing the effects on surface 
pressure distributions were found. 

The first trend showed that when using the same turbu-
lence grid, an increase in Reynolds number will correlate with 
an increase in FSTI present in the test section. The second 
trend showed that the FSTI increased at a faster rate at lower 
Re values than at higher Re values. The third, fourth, and fifth 
trends showed that when using the same turbulence grid but 
varying the Reynolds number, an increase in Reynolds number 
pushed the separation point closer to the trailing edge of the 
blade, pulled the reattachment point closer to the leading edge 
of the blade, and decreased the size of the separation bubble. 
The sixth, seventh, and eighth trends showed that when using 
the same Reynolds number but varying the FSTI, an increase 
in the FSTI pushed the separation point farther along the 
surface of the blade, pulled the reattachment point closer to the 
leading edge of the blade, and decreased the overall size of the 
separation bubble. 

Now that the effects of varying turbulence intensities 
and Reynolds numbers is understood, the next step will be 
to investigate the heat transfer conditions in the low-pressure 
turbine. The experiment will be conducted using liquid crystal 
thermography techniques in order to analyze the heat transfer 
coefficients in and around the separation bubble. The correlat-
ing thermal stresses created by flow separation over the L1A 
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test blades will also be analyzed. This research topic is critical, 
because heat transfer in the separation bubble occurs at the 
same location where turbine blades are the thinnest. This is 
problematic because the difference in cooling and heating rates 
at those locations can induce thermal stresses in the blades, 
causing them to fail prematurely. 

Once this research is complete for the L1A, the same 
experiments conducted in this paper and the heat transfer tests 
using liquid crystals will be conducted on the L1F blade profile 
as well.

	
Nomenclature
Re 	 Reynolds Number 
ρ 	 Density of a fluid 
V 	 Velocity of a fluid 
c 	 Characteristic Length of the blade
s	 Distance along the Suction Surface of the blade
s/Ls 	 Normalized Distance along the Suction Surface of the 
	 blade
μ 	 Dynamic Viscosity of a fluid 
PT 	 Total Pressure 
PS 	 Static Pressure
PSlocal	 Local Static Pressure at one point along the blade 
Cp 	 Coefficient of Pressure 
FSTI 	 Free Stream Turbulence Intensity
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Small Molecule Inhibitors of Cruzain as 
Possible Therapeutics for Chagas' Disease

	 Abstract

Hijab Ahmed, Samuel Odutola, Jiangli Song, Mary Lynn Trawick, Ph.D., and Kevin G. Pinney, Ph.D.
Department of Chemistry and Biochemistry, Baylor University, Waco, Texas, USA

Cruzipain, a cysteine protease, plays a major role in the replication and survival of Trypanosoma cruzi (T. cruzi), the para-
sitic etiological agent of Chagas’ disease, a neglected tropical disease commonly found in Latin America. T. cruzi is transmitted 
into human host cells through ingestion of a blood meal by a triatomine bug. Current medication proves highly toxic in the initial 
stage and ineffective in the chronic stage, but it is the only available treatment. This warrants further research for other treat-
ments. Since cruzain, the recombinant form of cruzipain, plays an essential role in the development of the parasite, this enzyme 
is a validated target for developing therapeutics for the disease. Through a collaborative project between the Trawick and Pinney 
laboratories at Baylor University, a library of small molecule compounds containing the thiosemicarbazone functional group 
were synthesized and screened as inhibitors of cruzain. Cruzain was obtained via expression in E. coli using T. cruzi DNA provid-
ed by James McKerrow laboratories at the University of San Francisco. The purpose of this study is to validate these compounds 
as potential inhibitors of cruzain by determining the IC50 values against the enzyme. Furthermore, advanced kinetic analyses of 
these compounds were carried out in order to understand the mechanisms by which these compounds inhibit cruzain. Enzymat-
ic activity of cruzain was monitored using a fluorogenic enzyme assay, which measured the concentration of 7-amino-4-methyl-
coumarin (AMC) released from Z-FR-AMC, a synthetic substrate. These compounds proved to be effective inhibitors of cruzain 
in the nanomolar range (20-312 nM) . Progress curves and pre-incubation studies show these compounds as time-dependent 
inhibitors.
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Identification of Genetic Signatures in 
Prostate Cancer using Magnetic Resonance 
Imaging and Biopsies

	 Abstract
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A total of 238,590 new cases of prostate cancer in the United States were anticipated in 2013, along with an estimated 28,170 
deaths.1 Prostate cancer deaths are caused by hematogenous metastatic spread and subsequent tumor cell growth in distant sites, 
primarily bone. The genetic traits that distinguish aggressive from indolent tumors remain unknown. A model that combines 
multiparametric prostate magnetic resonance imaging (mp-MRI) and next generation sequencing (NGS) from initial biopsy and 
prostatectomy specimens could potentially distinguish cases of indolent disease not requiring treatment from both those that 
could be cured with local therapy alone and those of aggressive, potentially lethal disease requiring more rigorous therapeutics. 

Unlike biopsies, mp-MRI provides a map of the location, extent, multifocality, volume, index lesion, and aggressiveness of 
the tumor within the entire prostate. Prostate biopsies underestimate the Gleason score, a measure of prostate cancer severity, in 
46% of the cases, and cancer is missed in up to 10%-38% of patients eventually diagnosed with prostate cancer.2 NGS technolo-
gies can detect specific gene signatures in tissue samples. MRI images will be overlaid on biopsy grids to illustrate these signatures 
associated with areas of varying Gleason scores in biopsies and areas of concern in MRI and to allow more precise, noninvasive 
tumor staging. Radiogenomics data will illuminate which gene signatures are indicative of tumor indolence versus aggression.

In this study, sixty-six prostate cancer cases were selected from an existing clinical database for a retrospective study.  The 
cases were then organized into these subsets: thirteen with prostatectomy only, seventeen with neoadjuvant chemotherapy fol-
lowed by prostatectomy, and thirty-six with intact prostate and metastatic disease. These subsets will be analyzed within patients 
(comparing their normal, low grade tumor, and high grade tumor tissue), within groups, and between groups.
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C188-9, A Small-Molecule STAT3 Inhibitor, 
Effective against Radioresistant Head and 
Neck Squamous Cell Carcinoma

	 Abstract
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The transcription factor Signal Transducer and Activator of Transcription Factor (STAT) 3 is aberrantly activated in many 
cancers, including Head and Neck Squamous Cell Carcinoma (HNSCC) and is implicated in all major hallmarks of cancer.1,2 

STAT3 also contributes to HNSCC resistance to Ionizing Radiation (IR).3 A novel drug, C188-9, was recently developed in the 
Tweardy lab as a STAT3 inhibitor.4,5 Potent, safe, and orally administered, C188-9 may potentially reduce resistance and improve 
cure rates for the two-thirds of patients with HNSCC for whom radiotherapy fails.6,7 One of the first steps, however, to clinical 
trials is in-vitro tests of drug potency on cancer cells. 

Three batches of C188-9 were assessed for potency via an Anchorage-Dependent (AD) MTT based cell growth assay on the 
radioresistant HNSCC cell line UM-SCC-17B. Though no significant difference existed among the batches, the oldest, which had 
the lowest half maximal cell growth inhibitory concentration (IC50 = 3.0 µM), was used for proceeding tests. 

Further testing was conducted to establish an ideal incubation time for optimum cell growth inhibition. C188-9 was tested 
on two radioresistant (UM-SCC-17B and SQ-20B) and one radiosensitive (SCC-9) cell line using the AD MTT assay with 24, 48, 
72, and 96 hour incubation periods. Based on the IC50 curves produced, 48 hours was established as the ideal period for subse-
quent C188-9 AD MTT experiments. 72 hours was used for Anchorage-Independent (AI) assays based on previous experimental 
protocol.1 C188-9 was then tested on various radioresistant and radiosensitive cell lines. All cell lines were responsive to the drug 
(IC50 ranging from 2.0 μM to 12.2 μM). Future experiments will include in-vitro assessment of the effect of C188-9 on pSTAT3 
activity and expression of IFN/STAT1 signature IR-resistance genes in the IR-resistant HNSCC cell lines (UM-SCC-17B, SCC-
35, and Nu-61) and testing whether co-treatment with C188-9 could render these cells IR-sensitive, in both in-vitro and in-vivo 
testing. 

Autophagy is a normal physiological process in the body that deals with destruction of cells in the body. It maintains 
homeostasis or normal functioning by protein degradation and turnover of the destroyed cell organelles for new cell formation. 
Tumor cells have been known to upregulate autophagy and this has been linked to IR-resistance. C188-9 was combined with an 
autophagy inhibitor to determine the type of effect (synergistic or additive) of the two drugs on growth of HNSCC cells via AD 
and AI MTT assays. These results suggested an additive relationship, but further studies will help precisely model the combined 
effects. 
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A significant public health concern is the control of parasitic nematodes in order to minimize the disease burden of lym-
phatic filariasis (LF) in endemic regions. The development of a vaccine is a potentially cost-effective approach towards control 
and elimination of LF.1 Based on a genome-wide analysis of the developmental stages of the filarial parasite Brugia pahangi, 
molecular targets for interrupting the development of the filarial parasites were identified in Dr. Cheolho Sim’s (Baylor Uni-
versity) Lab. Using genetic engineering technology and protein expression systems, these molecular targets can be evaluated as 
candidates for an innovative transmission blocking vaccine (TBV) against lymphatic filariasis. 

These five vaccine antigens were cloned and expressed as recombinant proteins in yeast and bacterial expression platforms. 
From this, a better purification scheme and a refined expression protocol can be developed to further evaluate expression feasi-
bility. With this preliminary evidence, we believe these proteins are expressible for pilot-scale biomanufacturing for preclinical 
trials. Further evaluation of the vaccine antigens will prove useful for accelerating and prioritizing them down through the devel-
opment pipeline. 

Bioinformatics screening of the proteinecous vaccine candidates will be used in order to provide a basis for ranking the 
proteins in priority for antigenic and preclinical study. Using the programs, EpiQuest and EpIC, the primary structure of the 
proteins will be analyzed in order to identify peptide regions in the sequences that could be epitopes, or antigen recognition sites. 
Basic Local Alignment Search Tool has identified homologous sequences in each protein sequence. These homologous sequences 
will enable the use of SWISS-MODEL to develop tertiary and quaternary protein structures using structure-homology model-
ing algorithms. These theoretical models will then be processed and evaluated for stability through the following computational 
programs: Anolea, Gromos, DFire, QMEAN6, and Procheck. 

Refining the protein structures for greater stability will be done via molecular dynamics simulations using GROMACS. 
These simulations will then be used for epitope discovery via two computational methods: matrix of local coupling energies and 
electrostatic desolvation profiles.2,3 Epitope data from primary and tertiary structures will then be compared to evaluate the anti-
genicity of the filarial proteins. This computation-based structural vaccinology approach will provide the first protein structures 
for these biomolecules as well a basis for future experimental endeavors for the development of a TBV. Through these computa-
tional biophysical methods and experimental biotechnological techniques, we propose an integrated approach for developing a 
transmission blocking vaccine that is involves evaluating the feasibility of expression and the antigenicity of the filarial proteins. 
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	 MicroRNAs (miRNA) are small, non-coding RNAs (about 22 nucleotides) that function in sequence-specific RNA silencing 
and post-transcriptional regulation of gene expression. MiRNA biogenesis is a multi-step pathway, beginning with the transcrip-
tion of independent genes to form primary miRNA (pri-miRs) transcripts, which are further processed to ~70 nucleotide long 
precursor miRNAs (pre-miRNA) by the Drosha-DiGeorge Syndrome Critical Region 8 (Dgcr8) protein complex. The pre-
miRNAs are cut by the cytoplasmic protein Dicer to form a ~22 nucleotide long miRNA/*miRNA duplex. Argonaute (Ago) pro-
teins facilitate complementary base pairing between the seed sequence of a mature miRNA and target mRNA on the RNA 
induced silencing complex (RISC), leading to mRNA degradation or inhibiting translation. MiRNAs play a major role in numer-
ous cellular and developmental processes. The aim of this study was to characterize the role of the miRNA biogenesis enzyme, 
Dgcr8, in kidney tubule maintenance. Immunofluorescent (IF) staining reveals that Dgcr8 is expressed in the nuclei of tubular 
cells of the cortical and medullary regions of adult kidneys. Cre/LoxP recombination, a site-specific recombinase technology, 
was used to knock out the expression of Dgcr8 specifically from the collecting ducts of the mouse kidneys. Western blot analyses 
confirmed a decrease in Dgcr8 expression in adult mouse kidneys. IF analyses showed that Dgcr8 expression is absent specifically 
from nuclei of collecting duct cells in knockout mice. Histological analyses at post-natal day 35 (P35) using Hematoxylin and 
Eosin (H&E) and trichrome staining indicated that the kidneys from Dgcr8 knockout mice developed fibrosis. Renal fibrosis, the 
excessive accumulation of extracellular matrix in glomerular capillary walls and the interstitial space, is a characteristic feature of 
all forms of chronic kidney disease. Fibrotic tissue leads to progressive loss of kidney function, while normal tissue maintains the 
nephron structure and normal physiological function. Thus, because Dgcr8 knockout mice developed renal fibrosis, this indicates 
that Dgcr8 plays a role in post-natal tubule maintenance in mice kidneys. 
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