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Supervising Professor:  Lewis E. Calver, MS 
 
 

The main goal of this thesis was to animate the LDL receptor pathway for use 

during lectures and presentations.  These animations show how cholesterol-carrying LDL 

binds with the LDL receptor to be endocytosed into the cell and utilized.  The first 

objective was to create an animation, involving 2D, 3D, and protein data bank based 

images to educate graduate students during classroom lectures.  The second objective was 

to include a diagrammatic illustration of the entire cycle.  The third objective was to 

determine if showing the broad and narrow views simultaneously or going back and forth 

between the two would better educate the audience.  Two presentations were created of 
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the LDL receptor pathway in the two styles and then evaluated by a pool of biomedical 

students.
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LIST OF DEFINITIONS 

Low Density Lipoprotein (LDL) – is the vehicle by which cholesterol is safely 

 transferred through the circulatory system. 

Low Density Lipoprotein Receptor (LDL-R) – a cell surface glycoprotein which binds to 

 LDL. 

Atherosclerosis – diseases which involve the accumulation of fat in the arteries (Biotech 

 1998). 

Clathrin – a large fibrous protein which forms a weave-like network around vesicles 

 bringing molecules in or out of eukaryotic cells (Biotech 1998). 

Receptor – mediated endocytosis – the process by which molecules from the extracellular 

 environment are bound to receptors and then brought into the cell via clathrin-coated 

 vesicles (Biotech 1998). 

3 hydroxy-3-methylglutaryl coenzyme A reductase (HMG-CoA reductase) – the rate- 

 determining enzyme of cholesterol biosynthesis (Brown and Goldstein 1986). 
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CHAPTER ONE 
Introduction 

 
Thesis Problem 

 

What is the best way to elucidate a biochemical pathway, such as the low density 

lipoprotein (LDL) receptor pathway to an audience of graduate students in the form of an 

animation?  Assuming that providing the audience with both a broad overall view of the 

entire cycle and a narrow detailed account of each step in the pathway has more 

educational value than either by itself, would it be better to show the broad and narrow 

views simultaneously or to go back and forth between the broad and narrow views? 

 

Background Information 

 

Dr. Michael Brown and Dr. Joseph Goldstein, faculty members at the University of Texas 

at Southwestern Medical Center in Dallas (UTSW), received the Nobel Prize for 

Medicine or Physiology in 1985 for describing the LDL receptor pathway, which is 

involved in the uptake of cholesterol from the bloodstream into the cell.  Their research 

led to the development of drugs called statins, which are used by millions of people to 

treat or prevent cholesterol-related diseases. 

 

Dr. Johann Deisenhofer, also a faculty member of UTSW, was awarded the Nobel Prize 

for Chemistry in 1988 for determining the structure and function of the photosynthetic 

reaction center of Rhodopseudomonas viridis using x-ray crystallography.  This research 
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led to a better understanding of photosynthesis and of membrane-bound protein 

structures.  His current research relates to the structures of molecules such as the LDL-

receptor and how statin drugs interact with HMG-CoA reductase. 

 

This project was a collaborative effort, utilizing scientific data from both labs to better 

elucidate the LDL receptor pathway.  Dr. Deisenhofer’s lab researches the three 

dimensional structural aspect, while Dr. Brown’s lab has researched the biochemical 

mechanism of action.  Their combined knowledge aided in the completion of animations 

of the LDL receptor pathway, which is crucial for the regulation of cholesterol. 

 

LDL and Cholesterol 

Our bodies are impacted by cholesterol in numerous ways.  “More than 93 percent of the 

body’s cholesterol is located in cells.” (Brown and Goldstein 1981, 515)  Cholesterol 

helps build and maintain our cell membranes.  It is a necessary material for the 

production of steroid hormones, certain vitamins, sex hormones, and bile acids, but is 

also a contributor to disease.  High blood cholesterol levels increases the formation of 

atherosclerotic plaques, which can lead to heart attacks and strokes.  Therefore, 

cholesterol needs to be controlled and carefully transported by plasma lipoproteins.   

 

There are four major classes:  (VLDL) very low density lipoprotein, (IDL) intermediate 

density lipoprotein, (HDL) high density lipoprotein, and (LDL) low density lipoprotein.  

LDL, the “bad cholesterol” is the most abundant cholesterol carrier in human plasma 
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(Brown and Goldstein 1986).  “Two thirds of the cholesterol in plasma is packaged in 

LDL.” (Brown and Goldstein 1981, 515)   

 

Low-density lipoprotein (LDL) is the vehicle by which cholesterol is safely transferred 

through the circulatory system.  The sterol, cholesterol, is esterified with long chain fatty 

acids and then organized into compartments consisting of triglycerides, esterified and 

unesterified cholesterol.  The core is surrounded by a protein shell consisting of the 

ApoB-100 protein (G. Ren, S. Ludtke, W. Chiu, J. Gaubatz, H. Pownall, G. Rudenko, L. 

Henry, J. Deisenhofer, pers. comm.) 

 

LDL Receptor 

The low-density lipoprotein receptor (LDL-R), a cell surface glycoprotein, is essential to 

the cellular metabolism of cholesterol.  The receptor’s attraction to LDL and its recycling 

capabilities permit large amounts of cholesterol to be internalized, while also keeping the 

blood LDL concentration low enough to prevent the accumulation of atherosclerotic 

plaques.  

 

LDL-R binds to LDL at neutral pH, which occurs in the plasma environment.  LDL is 

released from LDL-R at acidic pH, which occurs inside of the endosome.  Efficient 

release of LDL by LDL-R is critical to the proper functioning of our body.  Mutations 

which hinder this process can lead to diseases, such as familial hypercholesterolemia.  

Patients with this disorder suffer from early onset coronary heart disease and 

atherosclerosis (Rudenko and Deisenhofer 2003, 683.) 
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Through X-ray-crystallography, much of the structure of the LDL receptor (LDL-R) has 

been elucidated. LDL-R consists of an extracellular portion, the intramembrane portion, 

and the intracellular portion.  The extracellular portion contains:  the ‘ligand binding 

domain’ (consisting of 7 cysteine-rich repeats [R1-R7]), the ‘epidermal growth factor 

(EGF) precursor homology domain’ (consisting of two EGF-like repeats [A, B], β 

propeller, and then a third EGF-like repeat [C] (Rudenko and Deisenhofer 2003, 683.)   

 

R4 and R5 of the ‘ligand binding domain’ are known to be important to the binding of 

LDL with the LDL-R.   “EGF – precursor homology domain is critical is essential for 

ligand release induced by acidic pH.” (Rudenko and Deisenhofer 2003, 683)  The ligand 

binding domain (R1-R7) link together and form an arc which doubles back into the EGF.  

The length of this arc spans 140 angstroms.  The height of the molecule in crystallized 

form is 90 angstroms (Rudenko, et. al. 2002, 2353.) 

 

LDL Receptor Pathway 

The chain of events by which cells use the receptor to internalize cholesterol is called the 

LDL receptor pathway.  This cycle begins with the synthesis of the LDL receptor in the 

rough endoplasmic reticulum.  After processing in the Golgi apparatus, the LDL receptor 

appears on the cell surface.  The receptors cluster together and gather into clathrin coated 

pits.  The LDL molecule binds with the LDL receptor.  The clathrin coated pit pinches 

inward to form an endocytic vesicle.  This process, by which the surface lipid bilayer 
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pinches in and then pinches off into vesicles, which eventually unite with lysosomes, is 

called receptor-mediated endocytosis (Brown and Goldstein 1986, 37-38). 

 

The clathrin coat dissociates.  The endocytic vesicles fuse to form an endosome.  The 

acidic environment inside of the endosomes causes the LDL molecules to dissociate from 

the receptors.  The pH falls below 6.5 due to the work of the adenosine triphosphate-

driven proton pumps.  The LDL molecules cluster together on one side of the endosome 

while the receptors cluster on the other side.  The endosome pinches off into two vesicles 

(Brown and Goldstein 1986, 37-38) (Brown 2006). 

 

One vesicle contains the LDL molecules and the other, the recycling vesicle, contains the 

LDL receptors.  The recycling vesicle brings the receptors back to the cell surface to 

repeat the cycle.  “The LDL receptor makes one round trip into and out of the cell every 

10 minutes for a total of several hundred trips in its 20-hour life-span.” (Brown and 

Goldstein 1986, 38)  The other vesicle containing the LDL molecules fuses with the 

lysosome organelle.  Lysosomes contain large numbers of acid hydrolases which 

degrades LDL into amino acids and unesterified cholesterol (Brown and Goldstein 1986, 

36). 

 

Regulatory Mechanisms 

Cholesterol suppresses HMG CoA reductase activity.  HMG CoA is the rate-limiting 

enzyme of cellular cholesterol synthesis.  Cholesterol also suppresses transcription of the 

HMG CoA reductase gene and accelerates degradation of HMG CoA reductase.  Thus, 
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cellular cholesterol synthesis is reduced.  Cholesterol activates acyl CoA, cholesterol 

acyltransferase (ACAT), which esterfies cholesterol in order to store excess in the 

cytoplasm.  Cholesterol suppresses synthesis of LDL receptors and therefore the 

importation of extracellular cholesterol to complete the negative feedback loop (Brown 

and Goldstein 1986, 36). 

 

Understanding of the intricacies of the LDL receptor pathway has lead to the 

development of pharmaceuticals, which suppresses cellular synthesis of cholesterol by 

inhibiting HMG-CoA reductase activity.  Statins happens to be a particularly potent 

pharmaceutical.  This hypolipidemic agent has been shown to lower LDL-cholesterol by 

30-50%.  In response, more LDL receptors are produced in order to internalize more 

extracellular cholesterol.  Blood cholesterol levels are reduced and the formation of 

atheromas is also reduced.  Thus, patients suffering from coronary heart disease due to 

hypercholesterolemia may benefit from such a drug which takes advantage of the LDL 

Receptor pathway (Wikipedia 2006). 

 

Significance of the Project 

 

Recent years have brought many advances in the field of visualizing proteins and other 

such molecules.  The LDL receptor has engaged research and researchers for decades.  

These advances were incorporated into visualizing the LDL receptor.       
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Now scientists, students, and the random web surfer have access to the molecular 

structures of proteins via the Protein Data Bank website.  On this website, one can 

visualize in 3-dimensions these proteins, turn them in space, read information on the 

protein, and download the atomic coordinates.  The ready availability of such a wealth of 

information has revolutionized molecular animations.  This project is significant because 

there are no known resources such as this that incorporate latest research and the latest 

techniques in animation. 

 

Goals and Objectives 

 

The goal of this thesis project was to produce an effective way to elucidate a biochemical 

pathway, such as the LDL receptor pathway to an audience of graduate students in the 

form of an animation?  Assuming that providing the audience with both a broad overall 

view of the entire cycle and a narrow detailed account of each step in the pathway has 

more educational value than either by itself, would it be better to show the broad and 

narrow views simultaneously or to go back and forth between the broad and narrow 

views?  

 

In order to achieve this goal, the following objectives were met: 

• To create a diagrammatic illustration of the LDL receptor pathway.   

• To bring atomic location information from the Protein Data Bank into 3D Studio 

Max from the protein data bank via Accelyrs, a protein visualization software.   

• To create 3D models based on the current atomic and density information.   
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• To make 3D animations from the previous models.   

• To create 2D flash animations. 

• To create PowerPoint presentations which incorporated all three types of media: 

(1) 2D illustration, (2) 2D flash animations, and (3) 3D Studio Max animations.    

• To display certain variables simultaneously during the presentation.   

• To create yet another PowerPoint presentation which incorporated the three types 

of media, but at separate intervals.   

• To create questionnaires in order for the graduate students to evaluate the 

animations.   

• To evaluate the responses. 

 

Scope 

 

The target audience for this thesis was graduate students.  This presentation was designed 

to be used in the classroom for lecture purposes.  The final format was an exported 

PowerPoint presentation. 

 

 

 



 

CHAPTER TWO 
Review of the Literature 

 
 

Currently Available Resources 

 

A review of the current literature was performed.  Recommendations were given for the 

effective use of diagrams with instructional design.  Images of the LDL receptor, the 

LDL receptor pathway, and LDL were evaluated.      

 

The majority of the illustrations available of the LDL receptor pathway are two 

dimensional, flat, schematic diagrams.  Even though, illustrations can give the perception 

of depth and volume with the use of highlights and shading, most of the illustrations 

available have chosen not to use those elements.  These schematic representations are 

extremely simplified and do not reflect the true forms and size relationships of the 

molecules involved.  Most of these diagrams do not show the pathway in its entirety.  

They tend to leave out either or all of the following:  receptor recycling, the role of 

clathrin, how the endosome is formed, how the pH of environment causes critical 

changes, and/or the production of the LDL receptors.   

 

A few two-dimensional animations can be found.  These tend to be more detailed and 

include more steps of the pathway than the illustrations.  The majority of these 

animations also choose schematic representations of the components which do not reflect 

the true form of these molecules.  They also do not follow the actual size relationships. 

 

9 



10 

The elements involved in the pathway have been accurately depicted separately.  X-ray 

crystallography studies have elucidated the shape of the LDL receptor while also 

providing clues to how the form contributes to its function.  The three dimensional shape 

can be viewed via the protein data bank.  Electron micrographs have provided some 

riveting imagery of the process of endocytosis and of the structure of LDL.  

Unfortunately, very few have utilized this wealth of information to portray a more 

complete and accurate depiction of the intricacies and complexities of the LDL receptor 

pathway and its individual components. 

 

Books 

Research was also done on the effective use of figures and graphs.  Edward R. Tufte 

created his own version of a detailed animation alongside an illustration of the entire 

pathway.  The subject was cloud formation during thunderstorms.  The illustration 

showed 6 images of clouds at delineated times throughout the storm.  “The small, still, 

spatial sequence of images provides a context for the large, moving, temporal sequence 

above (Tufte 1997).”   

 

Accurate informative graphics are critical for communicating and the decision-making 

process.  For example, by plotting deaths from an outbreak of cholera in 1854 on a city 

map, John Snow was able to ascertain that the outbreak could be attributed to a particular 

contaminated water source (Tufte 1997).  This monumental discovery of the mode of 

transmission of cholera led to the implementation of preventative methods.  Conversely, 

the lack of clearly understandable and organized graphs led to the Challenger shuttle 
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catastrophe.  The engineers predicted that at freezing temperatures the launch was much 

more likely to fail.  Unfortunately, the proof that they offered in the form of graphs and 

tables was so poorly conceived that they failed to persuade the NASA administrators.  

The following techniques aid successful informational design.  Let your audience know 

beforehand what you’re about to do.  State what the problem is, why it is important, and 

your proposed solution.  Give details about a particular point, and then explain how it 

impacts the general concept.  “Repeated variations of the same theme clarifies and 

develops an idea (Tufte 1997).” 

 

Effective instructional design instructs us to reduce visual clutter and to clarify the 

primary information.  “When everything is emphasized, nothing is emphasized.” 

Secondary elements should be muted, such as:  arrows, pointer lines, tic marks, scales, 

compass roses, broken lines, grids, meshes, rules, underlines, frames, boxes, 

compartments, codes, legends, highlights, accents, bevels, shadows, and fills.  Strive to 

keep all visual differences subtle (Tufte 1997). 

 

Comparing information in parallel enhances the viewer’s perception of differences.  

Parallelism can show changes in space or time.  The following tools aid in the 

comparison of images:  pairing, orientation, simultaneity, overlap, superimposition, 

codes, pointer lines, adjacency, analogy, similar content.  Some tools are better than 

others.  For instance, codes can cause confusion and should be avoided when possible.  

Direct labels and close proximity of text with images make better substitutions for codes 

(Tufte 1997). 
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Scientific Journals 

The work of Dr. Deisenhofer and other researchers in the field have provided a detailed 

and informative portrayal of the macromolecule that is LDL-R.  Numerous papers have 

been published on the subject of how X-ray crystallography and density studies have 

given additional insight into LDL-R and how its structure influences its function.  Figure 

2-1 is an excellent example of the type of illustrations and models that are available.  

These illustrations demonstrate how the molecule is divided into separate parts and offers 

a general idea of the overall form of LDL-R.  What is lacking is the rest of the molecule.  

Only the extracellular domain of the receptor was crystallized.  The intramembrane 

domain and the intracellular domain are missing.  R1 was crystallized but was disordered 

and therefore the X-ray data did not show it.  These illustrations are quite helpful and 

informative but they’re not providing the complete structure of LDL-R.  

 

 

Figure 2-1.  X-ray crystallography data of LDL-R.  (Rudenko, et. al. 2002, 2354) 
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The crystallized or endosomal form of LDL-R is shown in figure 2-1.  The receptor is 

typically not in this closed formation.  Figure 2-2 depicts the molecule in its open or 

extracellular form.  This graphic also demonstrates the relationship between LDL-R and 

LDL.  At extracellular pH or neutral pH the receptor is in open formation and can bind 

with LDL along its R-units.  At endosomal or acidic pH LDL-R is closed and dissociates 

from LDL.  A large amount of information is being portrayed in figure 2-2.  What is not 

being shown, is the size relationship between LDL-R and LDL.  At endosomal pH, the 

receptor is only 90 angstroms in height including the missing domains, while LDL is at 

least 180 angstroms in diameter.  If LDL was shown to scale then the shape of LDL or 

the conformation of the receptor would be different.       

 

 

Figure 2-2.  Relationship between LDL and LDL-R based on pH.  (Rudenko and Deisenhofer  
2003, 687) 
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Figure 2-3 was published in Dr. Brown and Goldstein’s prestigious article, A Receptor-

Mediated Pathway for Cholesterol Homeostasis, based on their lecture given upon 

receiving the Nobel Prize in 1985.   

 

 

Figure 2-3.  Diagram of the LDL-R pathway. (Brown and Goldstein 1986, 38) 

 

This diagram depicts not only key elements, like LDL and LDL-R, but also the process of 

how cholesterol is brought into the cell.  This famous illustration is notable for the fact 

that it demonstrates that LDL is much larger than the receptor.  The clathrin coat is 

present, along with a significant organelle in the pathway, the rough endoplasmic 

reticulum (RER).  Unfortunately, the diagram is missing: the production of LDL-R 

(which starts in the RER), an indication of the fact that two endocytic vesicles fuse to 

form an endosome, the recycling of LDL-R, the dissociation of LDL-R from LDL due to 
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acidic pH, and an indication of how the lysosome organelle fuses with the endosome.   

Although figure 2-3 maintained the LDL to LDL-R size relationship, the graphic violated 

the dimensions of LDL in proportion to the rest of the cell.  This diagram has LDL 

portrayed as 1/3 the diameter of the entire nucleus.      

 

Since these illustrations tend to exaggerate the proportions of LDL in comparison to the 

cell, figure 2-4 offers a reminder of the actual size of LDL to a fibroblast cell.  The black 

dots inside of the clathrin coated pit are LDL.  This electron micrograph does an 

outstanding job of showing the size relationships during the beginning of endocytosis.  

What we cannot see, are the LDL receptors, the fate of this forming vesicle, and the other 

cellular components such as the Golgi apparatus and rough endoplasmic reticulum.  

  

 

Figure 2-4.  Electron micrograph of a clathrin-coated pit. (Brown and Goldstein 1979, 3331) 
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The traditional model of LDL shows a core composed of esterified cholesterol 

surrounded by a shell of phospholipids and unesterified cholesterol.  The protein portion 

of LDL, ApoB-100, is wrapped around the macromolecule like a ribbon.  Recent 

scientific research suggests that LDL is organized in a different manner.   

 

In figure 2.5, the image shows an electron micrograph of a cross section of LDL.  

Distinct layers are visible within the core of LDL.  ApoB-100 is still believed to be 

located along the perimeter of the macromolecule, but the latest research implies that 

cholesterol and the triglycerides are organized into internal compartments.  These 

findings have also been seen in density data.  Since this research is relatively new, not 

many illustrations or other types of artistic depictions have been made in accordance with 

these findings. 

 

Figure 2-5.  Electron micrograph of LDL (G. Ren, S. Ludtke, W. Chiu, J. Gaubatz, H. 
Pownall, G. Rudenko, L. Henry, J. Deisenhofer, pers. comm..) 
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Online and Other Resources 

 

 
 

Figure 2-6.  Depiction of LDL receptor pathway (© copyright 2002 Gwen V. Childs, Ph.D., 
University of Arkansas for Medical Sciences) 

 

Figure 2-6 is a diagram of the LDL receptor pathway which can be found on the 

University of Arkansas for Medical Sciences Cell Biology website.  The depiction was 

not faithful to the true size relationship between LDL and the receptor.  Neither does it 

include the production of the receptor.  The image includes a large amount of text to 

describe the pathway instead of letting the illustrations convey the information.  Neither 

does the diagram depict the clustering of the LDL receptor.   
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Conclusion 

 

After extensive research, it became evident that the current available resources, although, 

informative and useful, could still be improved upon.  Protein domains of the LDL 

receptor which were not able to be crystallized could be included.  The latest results from 

electron micrographs of the LDL structure could be incorporated.  Size relationships 

could be better represented.  Specific component information could be included along 

with the overall pathway information. 

 

 



 

CHAPTER THREE 
Methodology 

 

Purpose and Target Audience 

 

Before creating the animations and presentations, the purpose and target audience were 

determined in order to achieve a more effective design.  

 

Purpose 

The purpose of this thesis project was to determine the best way to elucidate a 

biochemical pathway, such as the LDL receptor pathway in the form of an animation?  

Assuming that providing the audience with both a broad overall view of the entire cycle 

and a narrow detailed account of each step in the pathway has more educational value 

than either by itself.  The goal was to determine whether it was better to show the broad 

and narrow views simultaneously or to go back and forth between the broad and narrow 

views.  To achieve these goals, two PowerPoint presentations were created in addition to 

the 3D and 2D animations.  Illustrations were used to describe the broad, full cycle of the 

LDL receptor pathway.  Two were created: a smaller version, to be seen juxtaposed with 

2D animations, and a larger full screen version, to be show before and after the 

animations. 

 

Target Audience 

The presentations were tailored to inform an audience of graduate students.  The plan was 

to take the most current information regarding the function and structures of the LDL 

19 



20 

receptor pathway and provide a clear and visually stimulating explanation.  In terms of 

the latest LDL receptor pathway findings, Dr. Deisenhofer published structural 

information on: LDL receptor in 2002-3, and LDL in 2007.  After an evaluation of the 

material, the key findings were determined, and then they were translated into 

animations. 

 

Sources of information 

 

Scientific information was collected from: articles published by Dr. Deisenhofer, PH.D., 

professor of biochemistry, and Dr. Brown, M.D., professor of molecular genetics, 

interviews with advisors, other scientific articles, online resources, and electron 

micrographs.  Many of my visual resources were provided by Dr. Deisenhofer and Dr. 

Brown, the rest were found by searching the web. 

 

Project Design 

 

Concept and Planning 

The novel concept of the thesis was to:  bring new cutting edge techniques in the world of 

animation to the classic and monumental LDL receptor pathway, incorporate the latest, 

most provocative research being done in the field, and determine the best way of 

elucidating this wealth of knowledge to an audience of biomedical students and scientists.  

After the proposal was drafted, storyboards and sketches were created of the LDL 

receptor pathway.  Once final approval was obtained, the next step was to start building 
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the models.  After careful research, and with sketches in hand, the LDL and LDL receptor 

models were created in 3D studio Max.  They were scrutinized for scientific accuracy and 

artistic content.  Many prototypes were created before the final models were approved, 

figure 3-1. 

  

 

 

Figure 3-1.  Stills from 3D models of LDL-R and LDL. 

 

Afterwards, the models were used in the production of animations.  The storyboard 

served as the template for their design.  These movies showed the 3D structure and form 

of the models.  They included rotations, pans, morphing, and model to model 

interactions.  The LDL receptor model morphed from the closed, low pH form to the 

open, neutral pH form.  The morph modifier was used to achieve this effect.  Seven 

models were created of intermediary steps in the process and the morph modifier aided in 

the production of a smooth, fluid motion between all the steps.  In the same animation, 
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the binding of LDL to the LDL receptor is also shown.  In order to label the regions of 

the LDL receptor, a glow was added to the area of interest as a lens effect.  A series of 

animations were rendered and then compiled together in Adobe Premiere to create the 

effect of the glow moving along the model.   

 

During the LDL segment of the animation, the LDL model opens to reveal its internal 

components.  This effect was accomplished by animating the slicing function, which is 

available to sphere objects.   Using this function, required the model to remain a sphere 

and not be converted into an editable poly.  Traditionally, alterations in shape are made in 

the editable poly mode because it allows for more control over the manipulation of the 

model.  Alternative solutions had to be found to alter the shape of the model.  After, 

testing out various modifiers, the FFD 4 x 4 x 4 modifier was used.  Once the resulting 

movies were rendered, they were brought into Adobe Premiere in order to add labels, be 

compiled, and edited. 

 

Afterwards, illustrations were created of the LDL receptor pathway.  Two versions were 

made.  One, designed to be displayed simultaneously with the 2D animations and the 

second, designed to be displayed at full screen.  Other options were considered such as:  a 

horizontal illustration at the bottom (figure 3-2a), and a small square illustration in the 

bottom left corner (figure 3-2b).  The decision was made to use a vertical format for the 

first illustration (figure 3-2c).  They were created using Adobe Illustrator.   
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Figure 3-2.  Simulations of possible layouts 

 

Next, the 2D animations were produced.  For the sake of consistency, stills of the 3D 

models for LDL and the LDL receptor were used.  Many test files were made to 

determine the best method of combining the 3D and 2D elements.  In the end, the method 

used involved importing the membrane blebbings from Macromedia Flash into Adobe 

After Effects.  After Effects was used to compile artwork from numerous sources 

including:  Adobe Illustrator, 3D Studio Max, Adobe Photoshop, and Macromedia Flash.  

 



24 

To show the dissociation of LDL from the LDL receptor in an acidic environment, the 

animation was created in 3D Studio Max and imported into Adobe After Effects with 

transparency information included.  This same method was used to show the receptor 

opening once being taken out of an acidic environment and introduced to neutral pH. 

 

Hardware and Software 

 

Adobe Illustrator CS2 was used to create the 2D illustrations and storyboard.  My test 

files, scans, certain labels, particular illustrations were produced with the aid of Adobe 

Photoshop CS2.  Adobe After Effects 7.0 was useful in compiling together various 

elements (Electron micrographs, 3D structures, Flash movies, QuickTime movies) to 

create the 2D animations.  The 3D animations were brought into Adobe Premiere Pro 2.0 

in order to compile, edit, and add labels.  

 

Macromedia Flash MX 2004 was used to create the membranes and the 2D animation of 

the blebbing of vesicles.  The 3D structures of LDL and parts of the LDL receptor were 

produced with the aid of Autodesk 3D Studio Max 8.   

 

To incorporate data from the Protein Data Bank into 3D Studio Max the following 

programs were considered:  Delano Scientific Pymol, Chimera in combination with X3D 

Extensible 3D Graphics X3D-Edit, and Accelrys DS Visualizer 1.6.  In the end, Accelrys 

proved to be the best intermediary software for this particular project. 
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The illustrations and animations were created using a desktop PC with a 2.66 GHz Intel 

Pentium processor with 1.50 GB of RAM.  Microsoft Windows XP version 2002 served 

as the operating system.  Numerous software packages were utilized in this project.  The 

questionnaire and graphs were created in Microsoft Office Excel.  An exported 

presentation from Microsoft Office PowerPoint was the final format for my presentation.  

 

Storyboards and sketches 

Once the purpose and target audience were decided, the project was designed to meet the 

goals and objectives.  First, a script was created.  Many versions were produced before 

deciding on the final one.  One version included an introduction about the importance of 

cholesterol and its role as a contributor to disease.   

 

The final version focused in on the main topic.  The final script is located in appendix C.  

The next step and one of the most important, was to create a storyboard.  The storyboard 

included an illustration for each animation clip, a written description of what would be 

occurring during the animation, and text of what concepts were to be elucidated during 

the movie clip.  The first draft storyboard can be seen in figure 3-3.  The true structure of 

LDL and the LDL receptor were not yet represented.  Also, the size relationships between 

LDL and the LDL receptor were not accurate.  Many versions were produced before 

deciding on the final one.     
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Figure 3-3.  First draft of storyboard. 

 

The storyboard was used to decide on which elements to keep and which to leave out.  

One version included an introduction about the importance of cholesterol and its role as a 

contributor to disease, as can be seen in figure 3-4.    The final version can be seen in 

figure 3-5.  The animations, which will be discussed later, were designed in the 

storyboard.  
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Figure 3-4.  Later draft of storyboard. 
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Figure 3-5. Final storyboard. 

 

Developing the LDL-R pathway illustration 

Besides the animations, the project also included illustrations describing the entire LDL 

receptor pathway.  Sketches were used to help design the layout for the illustration.  

Figure 3-6 is an example of the type of sketches which were used.  Once a sketch was 

created, then the next step was to have the drawing approved by the advisors.  The 

sketches were then brought into Adobe Illustrator.  Many sketches were drawn during 
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this period.  Some of the resulting changes included:  adding the production of the LDL 

receptor, the design or look of the LDL receptor, adjusting size relationships, and the 

design of the lysosome. 

 

 

Figure 3-6.  Sketch of LDL receptor pathway 

   

After approval of the sketch, the pathway was created in Adobe Illustrator with the sketch 

as a guide.  The two illustrations were developed conjointly, a vertical diagram and a 

horizontal diagram in Adobe Illustrator.  The vertical diagram was intended for viewing 

simultaneously with the animations.  The horizontal diagram was intended to be viewed 

individually.  Some changes were made.  For instance, the organelles were made larger to 

better represent size relationships.  Also, alternate angles of the cell surface membrane 
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were tried.  In figure 3-7b, the acidic hydrolases are represented by scissors.  Figure 3-7 

and 3-8 show a few of the beginning pathway illustrations. 

 

 a.                     b. 

Figure 3-7.  1st illustrations of vertical LDL-R pathway. 
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Figure 3-8. Illustration of horizontal LDL-R pathway. 

 

One large arrow was used to indicate the direction of the pathway instead of many 

smaller arrows as seen in figures 3-7 and 3-8.  The result of this modification lead to the 

production of the diagrams seen below in figure 3-9.  

 

By using only one arrow, the illustration became less cluttered and busy.  Next, the arrow 

was split into two opposite directions at the step where the endosome splits into two 

vesicles.  Also, the cycling of the receptors was emphasized.   The results can be seen in 

the final illustrations of figure 3-10. 
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Figure 3-9. Illustrations of LDL-R pathway 

   

Figure 3-10.  Final illustrations of LDL-R pathway 
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Developing the LDL receptor model 

Part of the final model was derived from atomic data within the protein data bank (pdb).   

The first attempt at bringing the pdb data into 3D Studio Max, involved downloading the 

Pymol software, a popular 3D protein imaging software that was used in Dr. 

Deisenhofer’s lab.  The LDL-R structure from Dr. Deisenhofer’s research was 

successfully downloaded into Pymol.  Unfortunately, Pymol has many limitations.  The 

software program only exports images (e.g. png) and movies, but not models (see figure 

3-11).  There was no way to incorporate the structure from Pymol into 3DS Max. 

 

 

Figure 3-11.  Image of LDL-R from Pymol 

 

The software package, Chimera, was used during the third attempt.  Chimera allows the 

export of models as X3D (extensible 3D graphics) and VRML (virtual reality modeling 

language), POV (persistence of vision raytracer), and Renderman files.  3D Studio Max 

does support VRML files with the .wrl extension.  Various models were created in 3DS 

Max:  a model imported from pdb via Chimera with a glass material added (figure 3-12a), 

a geometric model created strictly in 3DS Max based on scientific papers (figure 3-12d), 
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a model created in 3DS Max based on images from Chimera with a stone material added 

(figure 3-12b).  The image from Chimera was seen as being too complicated and lacked 

certain key structures of LDL-R.  The rest were viewed as being too unusual (figure 3-

12a & b).  Most images of proteins are not depicted in that manner. 

 

 a.       b. 
 

 c.       d. 

Figure 3-12.  Images of draft LDL-R models 
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More research was done regarding how proteins are typically displayed.  The wire 

representation was pleasing with its clean lines, gracefulness, and simplicity.  Sketches 

were made (figure 3-13b.)  A balance was formed between the scientific data and artistic 

expression.  The idea was to use the wire representation from Chimera encased within a 

geometric translucent structure to be created in 3DS Max.   

 

 a.    b. 

Figure 3-13.  Inspiration for & sketch of LDL-R. (Visualization Group 1998). 

 

An image from the Visualization Group website served as inspiration, figure 3-13a..  A 

few problems were encountered while trying to carry out the idea.  Unfortunately, VRML 

format did not support wire / ball and stick models.  Although, Chimera will export out 

an X3D file which supports wire / ball and stick models.  The Chimera User’s Guide 

gave the following suggestion:  “…a more complete VRML scene description can be 

obtained by exporting X3D, then converting X3D to VRML with XSL technology and 
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X3D-Edit’s x3dToVRMl97.xslt.  VRML files generated this way would share the 

limitations of X3D.”   

 

Before venturing into code editing, the idea was run past Dr. Deisenhofer.  A simulation 

was created, as can be seen in figure 3-14, using a jpeg from chimera and a modified 

geosphere with a glass-like material from 3DS Max.   

 

 

Figure 3-14. Simulation of LDL-R 

 

Dr. Deisenhofer approved the model and wrote “that it faithfully represented the data.”  

Next, during an exploration into code editing, I had to figure out how to convert an X3D 

file into a VRML file.  In order to achieve this, the X3D-Edit software was downloaded.  

Second, I downloaded the X3dToVrml.xslt conversion tool from the Chimera user’s 

guide.  Third, the Flux player was downloaded in order to visualize X3d files.  The help 

menu was not accessible from the X3D-Edit’s menu, so research was done on how to use 

the software and conversion tool.  I imported in the X3D file of the wire representation of 
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LDL-R.  Thanks to Greg Couch at the UCSF Computer Graphics Lab and his posting on 

the UCSF Chimera-users site, I was able to find out that the Chimera fields needed to be 

hand deleted form the code.  Thanks to Don Brutzman and his paper “X3D-Edit 

Authoring tool for Extensible 3D (X3D) Graphics” (Web3d 2006) I found out what 

button I needed to push to run the conversion (xsl) process XSL.   

 

The resulting .wrl file opened up in the Flux player.  Unfortunately, the model consisted 

of dots or vertices instead of a chain.  Also, the result would not open up in 3DS Max due 

to more coding problems.  I went back into the code and deleted the erring line of code.  

Then, the conversion worked.  Next, I had to fix the problem of having vertices instead of 

the chain.  I went back into Chimera and changed the model into the stick representation, 

which was similar to the chain version.  I checked the X3D file in the Flux player and it 

looked alright.  However, the change in model type caused the file size to jump from 

80KB to ~450KB.  I already knew from Greg Couch that the xslt method is reliable, but 

extremely slow.  Luckily, I had already worked out many of the rough spots in the 

smaller file.  I had to let the conversion run over night.  The next morning, the file 

imported into 3DS Max without any complications.                     

 

During the fifth attempt, a few models were created in 3DS Max.  Modified hoses were 

tested out for use as the surface shape.  Next, simple geometric shapes were tried.  

Neither was satisfying.  Finally, the decision was made to use an organic shape externally 

and the ribbon model of LDL-R underneath.  The ribbon structure can be seen in figure 

3-15.     
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Figure 3-15.  Image of ribbon model of the LDL-R. 

 

The methods that worked for the stick representation would not work for the ribbon 

model even after exhaustive efforts.  Nicholas Woolridge from the University of Toronto 

was contacted for advice.  He had also had mixed results with Chimera and 

recommended a software program called Accelrys DS Visualizer.  The software was 

downloaded and it worked like a charm.  No additional code writing was necessary.  

Next, a tight-fitting organic surface was created to encase the ribbon model.  The model 

started at the first R-unit with a sphere that was quickly converted into an editable poly.  

It worked its way across the R-units, to A, B, to the β-propeller region, C, and then down 

to the intramembrane and intracellular regions.  R1 was not shown and the 

intramembrane domain and the intracellular domain were not crystallized.  So, those 

regions were “improvised.”  This model offers its audience a more complete 

representation of the LDL receptor.  The final version can be seen in figure 3-16.   
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Figure 3-16.  Image of final model of the LDL-R. 

 



 

CHAPTER FOUR 
Results 

 
 

Survey Development 

 

After compiling the animations and illustrations into the two PowerPoint presentations, I 

started the development of the questionnaire.  The final version of the survey was 

completed using Microsoft Excel and contained nine statements and one question.  The 

viewers responded by bubbling in a circle corresponding to their level of agreement with 

the statement.  They had five options of answers consisting of:  strongly agree, agree, 

neutral, disagree, and strongly disagree.  Spaces were provided for additional comments 

relating to each statement and question. 

 

Survey Distribution 

 

For my audience, I assembled a group of:  biology graduate students, and medical 

students.  Ten individuals participated in the survey.  Six of those were students of the 

University of North Texas Health Science Center’s Texas College of Osteopathic 

Medicine (TCOM).  Four were associated with the University of Texas Southwestern 

Medical Center at Dallas (UTSW.)      

 

Each group was shown two presentations.  The first presentation depicted an illustration 

of the pathway followed by the corresponding animation.  Afterwards, the second 

presentation was shown, starting at the point of difference.  Both presentations contain 
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the same 3D animations at the beginning and this section was bypassed for the second 

presentation.  The second presentation depicted an illustration of the pathway juxtaposed 

alongside the animation.  At the end of the survey, the audience was asked which 

presentation they liked better. 

 

The presentations were shown via a computer screen.  Each person received a lecture by 

me during the presentations.  I guided the presentations and answered questions. 

 

Survey Results 

 

 

Table 4-1.  Questionnaire results 
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Statement 1 

“The 3D animations and models helped me to understand the structure of LDL and the 

LDL receptor.” 

 

Eight people strongly agreed with the statement.  Two agreed with the statement.  Table 

4-1 shows the results in the form of a bar graph.  One participant who strongly agreed 

suggested to “bring up intro of LDL in beginning.” 

 

Statement 2 

“The larger horizontal illustration of the pathway was more effective than the smaller 

vertical illustration.” 

 

As can be seen in table 4-1, three people strongly agreed, four agreed, two were neutral, 

and one disagreed with the statement.   The results were correlated with which 

presentation they preferred.  Participants which favored the second presentation were 

neutral or disagreed. 

    

Statement 3 

“The screen was too crowded on the dual version.” 

 

Three people strongly agreed, three agreed, three disagreed, and one strongly disagreed 

with the statement.  As can be seen in table 4-1, the results were correlated with which 

presentation they preferred.  Participants which favored the second presentation disagreed 
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or strongly disagreed.  Most of the participants who favored the first presentation agreed 

or strongly agreed except for one person.   

 

Statement 4 

“Having the animations and the illustrations on the screen simultaneously helped me to 

better understand the process.” 

 

Responses varied for this statement.  Two people strongly agreed, three agreed, three 

were neutral, and two disagreed with the statement.  Of the participants which favored the 

first presentation two agreed, three were neutral and two disagreed, according to figure 4-

1.  The participants who favored the second presentation agreed or strongly agreed.  One 

of the neutral participants commented that they “thought having both was nice for 

reference but way too busy.”  

 

Statement 5 

“The animations were clear and easy to understand.” 

 

As can be seen in table 4-1, seven participants strongly agreed with the statement.  Three 

participants agreed with the statement.   

 

Statement 6 

“The illustrations of the pathway were clear and easy to understand.” 
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Five members of the audience strongly agreed with the statement.  Five people agreed 

with the statement.  One participant who agreed commented that the “illustration is a 

little busy, in addition to the highlighted area.  I’d consider fading out the rest of the 

pathway not being discussed.” 

 

Statement 7 

“The presentations were well organized.” 

 

As can be seen from table 4-1, six members of the audience strongly agreed with the 

statement.  Four people agreed with the statement.   

 

Statement 8 

“The labels were legible.” 

Six participants strongly agreed with the statement, three participants agreed with the 

statement, and one was neutral.  Table 4-1 shows the results in the form of a bar graph.  

The one participant who was neutral commented that the “labels could be bigger.” 

 

Statement 9 

“The presentations were an effective tool in teaching the LDL receptor pathway.” 

 

As can be seen from table 4-1, eight participants strongly agreed with the statement.  Two 

participants agreed with the statement.   
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Question 10 

“Which presentation did you prefer?” 

 

Seven participants preferred the first presentation.  Three participants favored the second 

presentation.  One of the participants who preferred the first presentation commented that 

“it’s a clearer look.”  Another replied that they favored “the horizontal one because if the 

audience is new to this info the horizontal will be easier to learn.” 

 

Additional Comments 

During the evaluation period, some comments were made which were not written on the 

surveys.  For instance, one student suggested taking the large horizontal illustration, 

minimize it, move it to the corner, and only show the section being animated.  One 

student commented verbally that she had seen a lot on the subject of cholesterol 

metabolism and that this was definitely the most understandable.  Another comment was 

made that the illustration and animation in the first presentation had too much empty 

space.  One student commended me for using electron micrograph images and thought 

that another electron micrograph image could be added showing the current location in 

the cell at all times.   

 

 



 

CHAPTER FIVE 
Conclusions and Recommendations 

 
 

Project Summary 

 

The main goal of this thesis was to animate the LDL receptor pathway for use during 

lectures and presentations.  These animations show how cholesterol-carrying LDL binds 

with the LDL receptor to be endocytosed into the cell and utilized.  The first objective 

was to create an animation, involving 2D, 3D, and protein data bank based images to 

educate biomedical students and scientists during classroom lectures.  The second 

objective was to include a diagrammatic illustration of the entire cycle.  The third 

objective was to determine if showing the broad and narrow views simultaneously or 

going back and forth between the two would better educate the audience.  Two 

presentations were created of the LDL receptor pathway in the two styles and then 

evaluated by a pool of biomedical students. 

 

The target audience was identified.  A literature review was performed in order to:  learn 

what mistakes not to make, what was lacking, and what worked.  The project was then 

designed to fit the needs of our target audience.   

 

A script was written.  Storyboards were made to aid in the design, to serve as a means of 

communicating ideas among committee members, and finally as a guide to animations.  

Sketches were drawn to work out the design of the models, the layout of the illustrations, 

and to eventually serve as a guide to completing the models and illustrations.   
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Animations were created.  First 3D animations were rendered of LDL and the LDL 

receptor.  Next, labels were added in Premiere.  2D animations were created by 

compiling elements into Adobe AfterEffects from a variety of sources including:  3DS 

Max, Macromedia Flash, Adobe Illustrator and electron micrographs.  The 3D 

animations, illustrations, and 2D animations were brought into PowerPoint to be 

presented.   

 

The goals and objectives were carried out with our target audience in mind.  A group of 

biomedical students were assembled to watch the presentations.  A lecture was given and 

questions answered.  Surveys were distributed and then analyzed. 

 

Conclusion 

 

The goal of this thesis was to produce an effective way to elucidate a biochemical 

pathway.  The survey results showed that all the students agreed that the animations 

helped them understand the structure of LDL, the LDL receptor, and that the illustration 

and animations were clear and easy to understand.  Five of the ten students surveyed 

agreed that having the pathway illustrations and animations on the screen simultaneously 

helped them to understand the process, while only two disagreed.  More research is 

needed into the matter.  This project has indicated that providing the audience with both a 

broad view and a detailed account simultaneously may enhance the educational value. 
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Overall, the presentations received a strong, positive response to the effectiveness of the 

presentation.  One student commented verbally that they had seen a lot on the subject of 

cholesterol metabolism and that this was definitely the most understandable.  The 

audience concurred that the presentations were well organized.   

 

The 3D animations received a strong, positive reaction.   A suggestion was made to move 

the LDL labeling segment closer to the beginning.  This would certainly be feasible.  The 

LDL segment could be inserted after the first movie showing the binding of the LDL 

receptor to LDL.  According to the participants, the animations were comprehensible.  

Most people thought that the labels were legible.  Although, one person did suggest that 

they should be larger.  

 

The majority agreed that the illustrations were easy to understand.  Opinions varied on 

which of the two illustrations were better, but the majority preferred the larger horizontal 

illustration.  This might have influenced the audience to also favor the first presentation 

which contained the horizontal illustration.  Most of the audience felt this version was 

clearer, more visually appealing, and easier to understand.     

 

The first presentation with the preferred horizontal illustration was more popular but the 

second presentation was more understandable.  One possible suggestion for improving 

the dual version would be to further separate the illustration from the animation in space.  

Also, more steps could be deleted from the illustration in order to simplify or the areas of 

the cycle not being discussed could be dimmed.       

 



49 

Suggestions for Further Development and Research 

 

This presentation was designed to be given by a lecturer.  In this format the presentation 

can be easily customized and additional information added.  A stand-alone version could 

be produced with the addition of a recorded sound track.  The presentations could be 

evaluated in another research study for comprehension through testing.  The 

students would be split into two groups which will watch a different version, so 

that the order will not affect the results.    

 

This presentation could also be expanded in the future.  Animations and illustrations 

describing the regulatory mechanisms of cholesterol could be added.  In addition, a 

section regarding cholesterol biosynthesis would be useful. 
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APPENDIX C 
LDL Receptor Pathway Script 

 

 Our bodies are impacted by cholesterol in numerous ways.  Cholesterol helps 

build and maintain our cell membranes.  It is a necessary material for the production of 

steroid hormones, certain vitamins, sex hormones, bile acids, but it is also a contributor to 

disease.  High blood cholesterol increases the formation of atherosclerotic plaques, which 

can lead to heart attacks and strokes.  Therefore, cholesterol needs to be controlled and 

carefully transported by plasma lipoproteins.  There are four major classes:  (VLDL) very 

low density lipoprotein, (IDL) intermediate density lipoprotein, (HDL) high density 

lipoprotein, and (LDL) low density lipoprotein.  LDL, the “bad cholesterol” is the most 

abundant cholesterol carrier in human plasma.   

Cholesterol must be packaged for transport through our circulatory system.  The sterol is 

esterified with long chain fatty acids and then enclosed within a hydrophobic plasma 

lipoprotein core.  The core is surrounded by a membrane consisting of unesterified 

cholesterol and phospholipids. 

 Now that the cholesterol has been packaged and safely transferred, it needs a 

means of entry into the cell.  LDL is too hydrophobic to pass through passively.  The 

LDL receptor brings the LDL into the cell via receptor-mediated endocytosis in order for 

its contents to be released as part of the LDL receptor pathway (Brown and Goldstein 

1986, 37-38).   

The LDL receptor (LDL-R) consists of an extracellular portion, the intramembrane 

portion, and the intracellular portion.  The extracellular portion contains:  the ‘ligand 

binding domain’ (consisting of 7 cysteine-rich repeats [R1-R7]), the ‘epidermal growth 
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factor (EGF) precursor homology domain’ (consisting of two EGF-like repeats [A, B], β 

propeller, and then a third EGF-like repeat [C].  R4 and R5 of the ‘ligand binding 

domain’ are known to be important to the binding of LDL with the LDL-R (Rudenko and 

Deisenhofer 2003, 683.)   

 

The LDL receptor pathway begins with the synthesis of the LDL receptor in the rough 

endoplasmic reticulum.  After processing in the Golgi apparatus, the LDL receptor 

appears on the cell surface.  The receptors cluster together and gather into clathrin coated 

pits.  The LDL molecule binds with the LDL receptor.  The clathrin coated pit pinches 

inward to form an endocytic vesicle.  This process is called receptor-mediated 

endocytosis (Brown and Goldstein 1986, 37-38).   

The clathrin coat dissociates.  The endocytic vesicles fuse to form an endosome.  The 

acidic environment inside of the endosomes causes the LDL molecules to dissociate form 

the receptors.  The LDL molecules cluster together on one side of the endosome while the 

receptors cluster on the other side.  The endosome pinches off into two vesicles (Brown 

and Goldstein 1986, 37-38) (Brown 2006).  One vesicle contains the LDL molecules and 

the other, the recycling vesicle, contains the LDL receptors.  The recycling vesicle brings 

the receptors back to the cell surface to repeat the cycle.  The other vesicle containing the 

LDL molecules fuses with the lysosome organelle.  Lysosomes contain large numbers of 

acid hydrolases which degrades LDL into amino acids and cholesterol (Brown and 

Goldstein 1986, 36).   

.
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