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A B S T R A C T  
 

The Lowry Protein Assay is a fundamental process in the ultimate procedure of Western Blotting; it 

is used to determine the protein content of a solution, which is essential in calculating the necessary 

concentration of antibodies. Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-

PAGE) gels were prepared with a 12% resolving gel and 5% stacking gel. After running the SDS-

PAGE, we performed a western blot analysis on our samples. Western blot results showed that 

there was a significant difference between IL-4 expression in our two different animal experimental 

groups. Animals with a maternal high fat diet showed increased expression of IL-4, but animals 

with a maternal control diet showed lower expressions of IL-4. Methylated DNA 

immunoprecipitation also confirmed our results and showed a region of hypermethylation upstream 

of the IL-4 gene in the control group.  
 
 

 

INTRODUCTION 
Obesity is a relevant challenge for the global 

population. Obesity affects individuals for a variety of 

reasons and has many symptoms, including stroke, type 

2 diabetes, and various cancers (Wang, 2007; Poirier, 

2006; Rexrode, 1997; Larsson, 1981; Bostick, 1994; 

Garland, 1985). In the United States of America, obesity 

substantially lends itself to the overall deaths as a 

consequence of the aforementioned symptoms 

(McGinnis, 1993). According to the national data, the 

obesity in the United States is on the increase in adults 

and children (Lyznicki, 2001). Obesity can occur if there 

is an excess in food consumption, accretion of fatty 

intake or abridgement of correct nutrition intake, 

reduction of physical activity, or a consequence of a 

mother’s prenatal diet. 

When a mother is pregnant, the habits she expresses 

tend to be stressed in the offspring. For instance, if a 

mother adopts a healthy diet, the child may have a small 

chance of developing a large appetite. If a mother has a 

high dietary intake, the child may have a larger appetite 

and be more vulnerable to obesity and its symptoms 

(Brion, 2010). 

The design of this experiment included the analysis 

of a western blot for Interleukin -4 (IL-4), an antibody 

that has anti-inflammation affects, and its relation to rat 

livers. A Lowry Protein Assay will be conducted to find 

the concentration of protein in solutions, and using the 

data, samples will be created and utilized for the western 

blot (Ferrero, 2013). The western blot will reveal how 

much IL-4 is in the high fat (HFC) and control (BC) diet 

samples from the livers of Sprague-Dawley rats. I 

hypothesize that if we take liver samples from the HFC 

rats, we will see an increased expression of IL-4. 

 

 

LITERATURE REVIEW 
The United States is one of the leading country for 

obesity, and obesity is extremely prevalent in the United 
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States. In the past 40 years, obesity has increased by 

more than 50% (Ogden, 2014. NHLBI, 1998). 

According to the Center for Disease Control and 

Prevention (CDC), obesity in the United States is 

increasing. From a study in 2011, the fifty states had 

individual obesity percentages. In 2012, the same test 

revealed that some of the states’ had become more 

susceptible to obesity (CDC, 2012). Obesity has several 

possible origins, including increased consumption, 

decreased physical activity, and proneness to health risks 

induced by maternal prenatal patterns (Brion, 2010). 

Maternal studies indicate that prenatal diets affect 

offspring after birth. Abnormal gene expression is 

present when nutrition patterns are atypical, as suggested 

by DNA methylation (Lillycrop, 2005). 

According to studies, IL-4 is an anti-inflammatory 

cytokine. It has affects that can alleviate the 

inflammation symptoms presented by obesity (Zhao, 

2006; Marie, 1996). Due to its qualities and multi-

purpose design, actin is a ubiquitous control (Johnson, 

2012). Because of its usefulness, actin fits the purpose of 

Western Blots when they are being analyzed. Comparing 

it to the other protein gives vital visual and numerical 

data. 

 

 

METHODOLOGY 
Lowry Protein Assay 

Collect eight 1.5 mL tubes and label them 0, 5, 10, 

20, 30, 40, 50, 60. Use a pipette to add diluted BSA to 

each of the eight tubes in the uL amount labeled on tube. 

Add 10 uL of each sample to the sample tubes. Use an 

electronic pipette to add 1 mL TCA to each tube. Place 

the tubes in 40 degrees Celsius for 10 minutes. 

Centrifuge the tubes in the 40 degree Celsius 

temperature for 20 minutes. Gently pour off supernatant. 

Speed dry the samples for up to 2 hours to centralize the 

protein. Add 100 uL of o.2505/0.2 NaOH to each tube 

and vortex for a few seconds. Add 650 mL of Lowry Cu 

Reagent to each tube and vortex for a few seconds. 

Incubate the samples at room temperature for 10 

minutes. Add 60uL of 1:1 ddH20 and Folin-Ciocalteu 

Reagent. Incubate the samples at room temperature for 

10 minutes. Load 200 uL of each sample on a flat 96 

well plate. Load the plate into the spectrophotometer and 

read absorbance at 630nm. The spectrophotometer will 

give you measurements that will be necessary to prepare 

the samples for the Western Blot. 

 

SDS-PAGE 

Collect the materials necessary for the apparatus and 

the gels. We will use a 50mL tube to prepare the bottom 

layer and a 15mL tube to prepare the top layer. The gels 

are composed of 2 layers. The bottom layer, the 12% 

resolving gel, is added to the apparatus first. To create it, 

aliquot 3.3 mL of ddH2O, 4 mL of 30% A + B, 2.5 mL 

1.5 M Tris-HCl (pH 8.8), 100 uL of 10% SDS, 100 uL 

of 10% APS, and 4 uL of TEMED in the 50 mL tube. 

The TEMED will catalyze the crosslinking. After the 

TEMED is added, close the tube and shake it to mix the 

ingredients. Use a pipette to distribute the resolving gel 

into about ¾ of both compartments of the apparatus. Add 

ddH2O to both compartments to level the resolving gel. 

While the resolving gel solidifies, prepare the stacking 

gel. Add 2.25 mL of ddH2O, 670 uL 30% A + B, 1 mL 

0.5 M Tris-HCl (pH 6.8), 40 uL 10% SDS, 40 uL and 

10% APS to the 15 mL tube. Do not add the TEMED to 

the stacking gel until a very fine line is visible. This line 

indicates the resolving gel’s solidification. Dump the top 

layer of water. Add 4 uL of TEMED to the stacking gel 

and immediately add the contents to the apparatus. Place 

a comb in both of the compartments to sculpt wells. 

When the stacking gel solidifies, place the gels in the gel 

electrophoresis apparatus. Prepare the running buffer for 

the apparatus. To do so, place a 3 L pitcher on the stir 

machine and drop the stir bar magnet in it. Measure 90 g 

of the Tris-Base, 432 g of Glycine, and 30 g of SDS. 

Add about 1.5 to 2 L of ddH2O to the pitcher. Start the 

stir machine and slowly add the reagents. Stir for 10 

minutes on a medium speed. Pour everything from the 

pitcher into the cylinder. Only fill the cylinder to the 2 L 

mark. Pour the contents of the cylinder into the running 

buffer pitcher. If there are left over contents in the 

pitcher, pour that into the cylinder again. Add ddH2O 

into the cylinder until it reaches 1 L. Pour the contents 

into the running buffer pitcher. Pour the running buffer 

into the gel electrophoresis apparatus until it reaches the 

top of the container. Use a pipette to inject 10 uL of the 

Standard to the designated wells and 25 uL of each 

sample in the designated wells. Set the gel 

electrophoresis at 80 volts for 30 minutes as Set 1 and at 

110 volts for 150 minutes as Set 2. 
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Transfer 

Prepare the transfer device by pouring transfer 

buffer into the container. Create the transfer buffer by 

mixing 150 mL of Towbin x10 with 300 mL of methanol 

and 1050 mL of distilled water (dH2O). Place the red 

plate of the device above the black plate. Lay two 

sponges horizontally across the black plate. Place two 

filter sheets vertically across the sponge. Collect two 

membranes and gently write distinct markings, such as 

your initials and/or date, on one side. Soak the 

membrane sheets in methanol for five seconds each. 

Place one membrane on each filter sheet with the side 

with the marking face up. Remove the gels from the 

electrophoresis apparatus and place them on each 

membrane. Place one filter page on each gel. Lay a 

sponge across the filter pages. Close the open device by 

bringing the red plate on top of the last sponge. Put this 

device in the second gel electrophoresis apparatus and 

match the red plate with the apparatus’ red plate and the 

device’s black plate with the apparatus’ black plate. Set 

the cycle for 1 hour at constant 0.3 amps. 

 

IL-4 Western Blot 

When the cycle is complete, extract the membranes 

and discard the gel into the biohazard. Prepare a 5% milk 

mixture by diluting milk to 5% of TBST/.1% Tween 20. 

Prepare the TBST/.1% Tween 20 by measuring 300 mL 

of 10xTBS into a cylinder and add to a pitcher. Measure 

out 2 L of ddH2O into the cylinder and add it to the 

pitcher until the pitcher reads 2 L. Measure 3 mL of 

Tween 20 with an electronic pipette with a 5 mL tip into 

the pitcher. Pipette up and down for 1 minute to get the 

residual Tween 20 out of the tip. Stir for 10 minutes on a 

medium speed. Pour the pitcher’s contents into the 

cylinder up to the 2 L mark. Pour the contents of the 

cylinder into the TBST/.1% bottle. Add any remaining 

liquid from the pitcher into the cylinder. Add ddH2O 

into the cylinder until it reach 1 L. Pour the contents into 

the TBST/.1% bottle. Pour some of the milk into two 

containers. Place one membrane, words face up, into 

each milk container. Put the two containers onto the 

orbital shaker and block them for 1 hour. Incubate the 

primary for 14 hours at 1:1000 5% TBST/.1% Tween 20. 

Dilute the TBST/.1% Tween 20 to 3%. Wash it for 30 

minutes. Incubate the secondary for 1 hour at a 1:5000 

scale with 3% TBST/.1% Tween 20. Wash the 

membranes for 30 minutes in  TBST/.1% Tween 20 

diluted to 1%. Add 450 uL of SuperSignal to  membrane 

and take a picture. 

 

Actin Western Blot 

Wash the membrane in pure TBST/.1% Tween 20 

(no milk added) for 30 minutes. Block it in 3% 

TBST/.1% Tween 20 for 1 hour. Incubate the primary 

with 3% TBST/.1% Tween 20 for 3 hours. Wash it in 

1% TBST/.1% Tween 20 for 30 minutes. Incubate the 

secondary at a 1:5000 scale with 1% TBST/.1% Tween 

20 for 1 hour. Wash it in 1% TBST/.1% Tween 20 for 30 

minutes. When the wash is over, add 450 uL of 

SuperSignal to each membrane and take a picture. 

 

Statistical Analysis 

The calculations that succeeded the measuring of the 

Western Blot’s intensities were entered in a two sided t-

test at alpha equal to .05.  

 

 

FINDINGS 
Figure 1 indicates the BSA standard from the Lowry 

Protein Assay. The R2 value is 0.996. The closer the R2 

value is to 0.1, the more valid the data is. 

 

 

Figure 1:  

Lowry Assay BSA standard measurements. 

 

Figure 2 indicates a Western Blot of IL-4 compared to 

Actin.  The row of IL-4 shows the concentration of IL-4 

viewed through the camera. The HFC portion is much darker 

than that of the BC, suggesting HFC has a higher 

concentration of IL-4 proteins. 

. 
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Figure 2: 

Protein concentration determined through western blot 

analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS 
In the experiment, rat livers were ground up and 

inserted into sample tubes to be tested later for protein 

concentration. At the end of the experiment, it was found 

that the IL-4 protein had a substantial presence in the 

HFC diet livers while the protein in the BC diet was very 

minimal. The presence of the IL-4 proteins in the HFC 

samples was astounding because they were indeed more 

than that of the BC samples. The Actin remained in 

constant concentration and intensity, lending validity and 

standardization can h to the legitimization of the IL-4 

results. This is similar to an experiment involving DNA 

methylation of a Cox-2. The more the Cox-2 was 

methylated, the less was recognizable. The less 

methylation that occurred, the more susceptible Cox-2 

was to recognition. The BC diet rats had more 

methylation, thus less IL-4 proteins read. However, the 

HFC diet rats received less methylation, which is 

supported by the data that suggests a relatively 

tremendous concentration of the protein in the fatty 

livers. 

Obesity causes many functional errors in the body 

that must have the appropriate response. When the liver 

is inflamed as a consequence of obesity, the 

concentration of IL-4 proteins aggregates possibly 

because IL-4 studies indicate that it is an anti-

inflammatory cytokine. When the rat livers were tested 

for protein concentration, livers from rats with high fat 

diets and control diets were used. The high fat diet livers 

were hypothesized to contain more IL-4 because of its 

theorized effect on inflammation as a result of obesity. 

The hypothesis was successfully supported by the data 

because in figure 2 the HFC diet’s IL-4 concentration 

was accentuated.  

 

ACKNOWLEDGEMENTS 
Thank you to my mentor, professor, the RAP 

program and anyone else who played an important role 

in helping me complete my project. I thank my mentor 

for his tutelage in this rare opportunity. His teachings 

have allowed me to attain the knowledge and expand my 

thinking. I would also like to thank Dr. Thompson for 

allowing me to participate in the Research Apprentice 

Program. I was able to work extensively in a mature and 

demanding environment to sharpen my skills. I extend 

my thanks to the affiliates of the RAP II program for 

accommodating our needs. 

 

REFERENCES 
Ferrero, E., Dolores Mauricio, M., Granado, M., et al. 

“Tyrosine Phosphorylation Modulates the Vascular 

Responses of Mesenteric Arteries from Human 

Colorectal Tumors.” BioMed Research 

International. (2013) :346-356. 

Wang, A., Wu, J., Zhou, Y., et al. “Measures of 

Adiposity and Risk of Stroke in China: A Result 

from the Kailuan Study.” PLoS One. (2013) 

144:1143–1150. 

Poirier, P., Giles, T. D., Bray, G. A., Hong, Y., Stern, J. 

S., Pi-Sunyer, F. X., & Eckel, R. H. (2006). Obesity 

and cardiovascular disease: pathophysiology, 

evaluation, and effect of weight loss an update of the 

1997 American Heart Association Scientific 

statement on obesity and heart disease from the 

obesity committee of the council on nutrition, 

physical activity, and metabolism. Circulation, 

113(6), 898-918. 

Rexrode K M, Hennekens C H, Willett W C. et al. A 

prospective study of body mass index, weight 

change, and risk of stroke in women. JAMA. 

1997;277:1539–1545. 

0

10

20

30

40

50

60

70

80

BC

HFC



i-ACES Vol. 1 No. 1 (2014) 

 

 

Larsson, B., Bjorntorp, P., Tibblin, G. “The Healh 

Consequences of Moderate Obesity.” Int J Obes. 

(1981) 5:97–116. 

Bostick R, M., Potter J, D., Kushi L, H., et al. “Sugar, 

Meat, and Fat Intake, and Nondietary Risk Factors 

for Colon Cancer Incidence in Iowa Women.” 

Cancer Causes Control. (1994) 5:38–52. 

Garland, C., Shekelle R, B., Barrett-Connor, E., et al. 

“Dietary Vitamin D and Calcium and Risk of 

Colorectal Cancer: A 19-Year Prospective Study in 

Men.” PubMed. (1985) 1:307–309. 

McGinnis J, M., Foege W, H. “Actual Causes of Death 

in the United States.” PubMed. (1993) 270:2207–

2212. 

Lyznicki J, M., Young D, C., Riggs J, A., et al. “Obesity: 

Assessment and Management in Primary Care.” 

Council on Scientific Affairs, American Medical 

Association. (2001) 63(11):2185-2196.\ 

Brion A, M., Ness R, A., Rogers, I., et al. “Maternal 

Macronutrient and Energy Intakes in Pregnancy and 

Offspring Inake at 10 Y: Exploring Parental 

Comparisons and Prenatal Effects.” The American 

Journal of Clinical Nutrition. (2010) 

Ogden C. L., Carroll, M. D., Kit, B.K., & Flegal K. M. 

(2014). Prevalence of childhood and adult obesity in 

the United States, 2011-2012. Journal of the 

American Medical Association, 311(8), 806-814. 

NHLBI. “Clinical Guidelines on the Identification, 

Evaluation, and Treatment of Overweight and 

Obesity in Adults.” NHLBI. (1998) 98-4083. 

CDC. “Adult Obesity Facts.” CDC. (2012) 

Lillycrop K, A., Phillips E, S., Jackson S, S., et al. 

“Dietary Protein Restriction of Pregnant Rats 

Induces and Floci Acid Supplementation Prevents 

Epigenetic Modification of Hepatic Gene Expression 

in the Offspring.” PubMed. (2005) 1382-6. 

Zhao, W., Xiao, Q., Beers D, R., et al. “Protective 

Effects of an Anti-Inflammatory Cytokine, 

Interleukin-4, on Motoneuron Toxicity Induced by 

Activated Microglia.” PubMed. (2006) :1176-87. 

Marie, C., Pitton, C., Fitting, C., et al. “Regulation by 

Anti-Inflammatory Cytokines (IL-4, IL-10, IL-13, 

TGFβ) of Interleukin-8 Production by LPS-and/or 

TNFα-Activated Human Polymorphonuclear Cells.” 

PMC. (1996) 5(5): 334-340. 

Johnson, M. “Loading Controls for Western Blots.” The 

World of Laboratories. (2012) 2:114. 

 

 

This special edition of iACES is composed of articles 

written by high school students enrolled in the College 

of ACES Research Apprentice Program (RAP), 

University of Illinois. We gratefully acknowledge the 

many faculty, staff, and graduate student mentors who 

account for the success of RAP, its Director, Dr. Jesse 

Thompson, as well as its generous sponsors. Further 

appreciation extends to Emily Mayhew for her editorial 

assistance. 

 


