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Abstract

Human immunodeficiency virus (HIV) is a deadly drand its impact on the
functions of the body are misunderstood and ov&dddoy many people. The goal of
this design project is to create a three dimensiedacational tool that visually depicts
the irreversibility of HIV infection and what make8V more harmful than a normal
virus. Currently there are no educational tool$ #na apt for conveying this message in a
simplistic manner. This model will be created tghlight the important aspects of the
HIV infection process and allow it to be understdgyostudents with minimal biological
knowledge. This final product uses an interactive¢ dimensional model that portrays
the larger picture of HIV influence on the immurystem as well as the cellular level

mechanisms of binding, injection, and replication.

Background and Motivation

HIV attacks the helper T cells of the immune systgnbinding to CD4 receptors.
The virus is then injected into the cell and regilecl by reverse transcriptase, which is an
error prone process resulting in many mutated dgaf HIV. The cell then lyses,
releasing the mutated strands of HIV into the batiye killing the helper T cell to
which it bound. The mutated HIV attack and outnunthe remaining helper T cells
which normally send the signal to activate the immaystem to fight against viruses and
other foreign pathogens. Thus if the immune systenot able to be activated, it is not
able to fight off other opportunistic diseases saslpneumonia. HIV causes this disease
known as acquired immunodeficiency syndrome (AlB)which there is currently no

cure and can lead to death.
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HIV is spread through contact with infected bodilyds, most often during
sexual contact. The best way to stop AIDS is tog@méthe spread of the virus by
educating people about methods of personal proteeijainst HIV. The widespread
education about HIV and the resulting conditioiAdDS is an ongoing effort of doctors,
nurses, and volunteers worldwide. Some of the najoilems faced by educators are
getting people to grasp the concept that once Hitére a person’s cells there is no way
to stop replication and prevent HIV from taking ottee body. Most people also do not
understand why HIV is more deadly than other visub@at one’s body is able to fight
against. A teaching aid would be beneficial in exphg the severity of HIV and its

effects on the body.

Problem Statement

Our client, Marge Sutinen of the UW School of Médlécand Public Health,
works to educate students on the permanent efbé¢isv in her Contemporary Issues in
HIV/AIDS Prevention course. She has asked our teadevelop a three dimensional
model that captivates the attention of a classwdeuograduates and visually illustrates the
HIV attachment to CD4 receptors on helper T céfis,permanent effect it has on the
body, as well as the differences between HIV aherotiruses. This model will be used
as an aid in demonstrating the irreversibility ohtracting the HIV virus to persuade

students to use preventative measures to protecisiives.




Client Requirements

Our client needs a color-coded, three-dimensia®dtiing aid that will give an
overview of the steps of HIV infection and emphadwbw HIV is different than any
other virus. The model will be used in a clasamfroximately 30 students, so it must be
easily visible from about 6 meters. The intendedience consists of primarily non-
science majors, so the advanced biological det&iflV infection do not need to be
illustrated.

The model will focus on three main steps of HIYestion: (1) binding, (2)
injection and replication, and (3) lysis and reeasnew HIV viruses. The progression
from step to step will be manually controlled bg tient, to give time for explanations
between each step.

(1) In the binding step, a separate HIV structure sleaurely binds to the cell will

be needed to show the permanent binding to CD4tereof the helper T
cell. In addition, the CD4 receptor binding sitesusld differentiate between
HIV and other pathogens. Other, non-compatibleptres will be present on
the model to show this.

(2) The replication step shows how HIV takes over tbst lcell’s nucleus and
controls the production of new HIV particles. Thessv HIV particles will
need to be similar to the initial attacking HIV tlmome will be a different
color, showing the possibility of mutations of thieus.

(3) In the cell lysis step, the main goal is to show ltlost cell’'s DNA, infected

with HIV RNA, reproducing new HIV infected cellsstead of carrying out




normal cell activities. This step should illustréte death of the helper T cell
and release of new (original and mutated) HIV p&es from the host cell.
This model will only be used for one lecture pansster, so it must be able to

withstand long periods of storage between usesust be lightweight and be easily
transported to and from the classroom. The amoiobse pieces should be minimized
and the model must be simple to operate with onk/erson. The model should
captivate the audience so they remember the seesaf HIV. The final product must
also contain a PDF explanation of each step oHiMeprocess that is demonstrated by

the model.

Existing Devices

There are currently no models that effectively aynthe message, in a simple
form, that once HIV enters a cell there is no wagtbp infection. Models that are
available include posters, computer simulationd,amodel produced by Merck and

Company Inc.
Replication Cycle of HIV

Figure 1 is an example of a current poster

cellular DNA

model that depicts the HIV lifecycle. It was

integrated  J
proviral DNA

produced by the National Institute of Allergy and
Infectious Diseases. It has very small captions tha

are difficult to see and the material is hard to budding

@ @ profeln synthesis,
mature HIV virion processing and assembly

understand without prior knowledge of cell

. Fi 1 Phot t f NIAID
biology. It also does not show the permanency af HI 9" = 710 Coesy ©

taking over a cell.
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Computer simulations are widely available o
the Internet. Figure 2 is taken from a computer
simulation video clip that shows HIV entering a tehi

blood cell. These videos are simulations of HIV

entering the host cell. They are very detailed and  Figure 2: Photo courtesy of
gettyimages.com

anatomically correct, but do not include explanatio

Computer models are very beneficial if one cantifienll of the model’s parts and be

able to distinguish what is represented in the mdclemputer simulations are hard to

manually control in order to add additional explamas if students do not fully

understand a specific point.

The most pertinent model to our current projetchésmodel manufactured by
Merck and Company Inc. It is a three-dimensionatiedldhat displays a very detailed
and complex explanation of the process of HIV en¢ea host cell. The host cell is able
to be split in half and contains three-dimensional
interactive moving parts, diagrams and an
accompanying explanation on a CD-ROM. The model

itself is hard to see in the back of the classroom

because the compact size that makes the model

and Company Inc,

the detailed steps of diagrams and processes ate ha

to distinguish. Also the descriptions of the pracase too in depth.




All three of these devices provide an explanatibhow HIV functions and how
it affects the cells that it attacks. However, tlaeg overly scientific and for students

without a lot of science knowledge they can be wihetming.

Design Proposal Overview

The process of the binding of HIV particles to Ciiedeptors and its subsequent
infection is very long and complex. The purposéhig model is to condense the process
in such a way that students who do not have ful\Wadge of the specific cell parts and
processes can grasp it. In order to simplify thecpss, we broke it down into three steps:
binding of the HIV particle to CD4 receptors on tiedper T cell, integration of the viral
DNA into host cell DNA, and replication of the HWirus resulting in cell lysis. In
addition, the model will allow the user to show tlevastating effect of HIV on the
immune system and demonstrate how the effects éfart unique compared to all other

viruses.

Initial Design Options

The binding stage needs to demonstrate the perrmattachment of HIV to CD4
receptors. The three options were a locking deviggnets and Velcro (see Design
Matrix 1 below). While the locking device would rag as easy to attach as magnets or
Velcro, it does demonstrate the permanent bindirngl'd to the host cell most
effectively. This permanent binding is the most artpnt aspect of the design and
therefore the most highly weighted category isheag effectiveness. The locking

mechanism would also be the most inexpensive taifaature because a soda bottle top
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would be sufficient in creating this device. Evaough Velcro would be easier to
manufacture, and magnets would be the easiesttdheslocking device proved to be

the best design option with a total of 88 out 09.10

Binding Design Matrix

fA Teaching q
Design | ofUse Manufacturability Effectivenass Consistancy
(20) (30) (10)

Locking

g 25 10 15 29
Device

Magnets

Figure 4 —Design matrix for binding step

The injection stage is important to show how VR&lA is transcribed into DNA
and then integrated into host cell DNA. The othant pf this step is the replication and

mutation of the virus inside the host cell. Theethoptions for demonstrating injection

and replication are: a syringe/tube combinatiosg@eeze bottle to fill the nucleus, and a

marble/tube combination (see Design Matrix 2 beloMie squeeze bottle has the
advantage of being extremely easy to use duringpdstration, but the liquid would
need to be cleaned out after each use. The martleuae combination would avoid any
clean up, but does not show viral DNA integratisreffectively as either of the other
two options. Overall, it was determined that a coration of a syringe and tube would

be the best design. Along with being the least egpe option, the tube could also be
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wrapped in the shape of a double helix, showing Ditdgration most effectively. Also,
the liquid would be fully contained in the systenridg the demonstration making it

minimally error prone.

Injection/ Replication Design Matrix

Ease - Teaching A
ofUse Cost Manufacturability Effectiveness Consistancy Total

Gy (10) (20) o (0)  (100)

Syringe/
Tube

Squeeze
Bottle

Marble/
Tube

Figure 5 —Design matrix for injection/replication step

The final stage of HIV transmission is the releakeew HIV viruses from the
host cell. Originally, three options were being sidered to show budding of new HIV
particles: a hatch releasing HIV particles, a tabming from the nucleus releasing
marbles for HIV particles and the use of a bubhile tp show HIV spreading (see Design
Matrix 3 below). With these options, it was decidkdt the hatch option would most
effectively show the budding of HIV particles. Tparticles could be similar in shape
and size to the original binding particle and tsencould easily be re-attached to similar
binding sites on the helper T cell. Also, the buddviruses would be different colors
from the original virus showing mutations that wabolccur during replication of the

virus.
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Budding Design Matrix

Ease - Teaching 5
Design ofUse Cost Manufacturability Effectiveness Consistancy Total

Gy (10) (20) i (10)  (100)

Tube/
Nucleus

Bubbles

Figure 6 —Design matrix for budding step

Additions from Mid-semester Design

Reevaluating our initial design options, we realileat we missed some of the
design requirements and criteria we establishddeear the semester. It did not strongly
show the difference between HIV and other virusdsch may not show the severity of
HIV as well as possible. The main goal of this pobjis to show the harshness and
permanent effect HIV has on the body in order tep&de students to use preventative
measures to protect themselves. Because of thidewided to add more to the
previously chosen proposed design.

It was decided that an image of cell lysis and sghent release of HIV particles
would more effectively show how the immune systesmmampromised. Therefore, a
sliding track mechanism was designed so that tlehiaves of the helper T cell would
split releasing mutated HIV.

In addition to showing the mechanism of HIV infectiof an individual helper T

cell, this model was also designed to allow the tsshow the effect of HIV infection
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on the immune system. It was decided that a cutbathuman figure covered by a
semitransparent sheet, lit from behind by LEDs, @apresent the strength of a
person’s immune system. Two parallel circuits wagsigned, one allowing for the
control of the brightness of white LEDs and theeottontrolling red LEDs.

Finally the differences between HIV and any otheusrare important in
understanding the deadliness of this disease. Tdrer@another separate somatic cell was
incorporated into the design. However, the onlp steown on this cell was attachment of
a virus. Attachment of a virus to the somatic well weaken the immune system, but the
body will fight off the infection and regain its &léh. Any virus can attach to any receptor
on the somatic cell, showing the wide variety atises that could attack the body and
provide a contrast to the selectivity of HIV virgder CD4 receptors.

The user will have control over the order of attaeht and immune system
function, so a wide variety of presentations aresgme and different topics can be
focused on more than others. However, a descripti@m HIV infection followed by
infection by an opportunistic disease will be ird#d with the model. Finally, a simple
instruction manual will be included with the modalpwing it to be used easily by

anyone, including students in the class.

Final Design

Our final product is an interactive display bothrdt can be used as a teaching
tool to explain why HIV is a more deadly than anlyes virus. The presentation of our
project goes through three different scenariosbthding of a normal virus to a somatic
cell, binding of HIV to a helper T cell, and theading of a normal virus after HIV has

infected the body. It then shows how the immuné¢esggesponds to each of these
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scenarios. Each stage of the demonstration is nigmmeatrolled to allow the operator

give explanations between each step of the pro

Figure 7: Final Product

Model Construction:

Our projects displayecon two foam display boards. The first board hatsstat
into it to secure all of the components and thelimard was added to cover the ¢
and circuit as well as for additional support. Tsupport stands are attached tc back
of the board so it can easily stand independemtlg table during the presentation. ~
helper T cell and somatic cell are created outafter’s hollow foam hemispheres. Th
were initially covered with a layer of Ac-Clay. The clay gave a sdlbase over th
foam and a layer of plastefas added for more supp. A layer of Mod Podge was th
painted over the plaster to act as a sealant #ade coat for the acrylic paint. The ¢
receptors are constructed out of soda bottle céypswvallcws it to be screwed on

demonstrate permanent binding. The clay was plagedthe bottle to hold the recefs
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in place. The viruses and HIV are constructed éth® bottle cap on a small foam
sphere secured by a layer of clay, plaster, and Rumtbe.

The somatic cell is used only to show bindingmf aon-HIV virus and the
immune system response so it is glued to the bmmedwhole because the cellular virus
process is not shown with the somatic cell. Howgs#ce our project is created to show
the process of HIV infection, the helper T cellitspbpens in order to demonstrate the
intracellular mechanisms and lysis. The bottom bathe helper T cell is attached to the
board via three screws that are placed throughialumtracks that are used as a guide to
open the cell. The two screws on the outside hawenuts and small locking washers
that act as guides during lysis. The center sci@svehlarger washer that can be easily
tightened to secure the cell closed and loosenatldw the cell to open. This way the
operator only has to adjust the wing nut to spigmthe cell. There is also a nucleus on
the display board, which is projected from thedesof the helper T cell. The nucleus is
composed of an acrylic hemisphere with a tubeitharapped around a rod to represent
the injection of viral RNA into the nucleus of thest cell. The top of the tube contains a
slot which holds a syringe that can be filled watilored liquid so the injection can be
seen from a distance. The bottom of the tube cosiaiclamp so the liquid will not leak
out and can stay in the nucleus for the entire
presentation.

The last section of our project is the
representation of the immune system. It
consists of a black foam board that is

Figure 8 : The figure on the left shows the red

projected out from the display board. The circuit lit up to represent death. The figure on
the right shows the white circuit lit up to

represent the immune system strength
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silhouette of a man is cut out of this box andra/vsheet is placed behind the man so the
lights from the circuit behind it can be illumindtacross this sheet. Two circuits were
created and placed inside this box. The first dirmonsists of six white LEDs connected
in parallel to a flip switch and a 1k-5k ohm potenteter. The potentiometer is a variable
resistor and it is connected to a knob that caadoessed behind the display board in
order to make the white lights dim after they amméd on with the flip switch. The white
lights are placed in general areas where the lyngales are

concentrated in the body. The second circuit ctmsis

three red LEDs connected in parallel to a flip stvivith a

2170hm resistor. Both of the circuits run on twd@8lteries.

The batteries are easily accessible from behindigmay

board so they can be replaced when needed. Thetsiece Figure 9: View from behind

board (switches,
covered by the back display board. The two swit@rebsthe potentiometer knob, and

batteries)
potentiometer knob are also easily accessible dethim
display board near the edge so the operator cassaticem while giving a lecture

without having to strain to reach them.

Budget
Date Store Item Purchased Price
Purchased
11/3/2009 Hobby Lobby 3 foam display boards $5.97
2" Styrofoam balls $4.2]7
Tax $0.56
Plasteel Corporation 8" Smoothfoam ball $12.08
shipping and handling $4.95
11/13/2009 Hobby Lobby Activ-Clay $14.99
modeling clay $7.99
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paintbrushes $4.47
acrylic paint (x6) $5.94
black poster board $5.99
Tax $2.17
11/17/2009 Hobby Lobby (-)modeling clay ($7.99)
(-) tax ($0.44)
Plaster $2.99
Mod Podge $4.4y7
Tax $0.41
11/20/2009 Dollar Tree shower curtain liner $1.00
Panasonic battery $1.00
Tax $0.11
RadioShack zip caoil $4.39
3 white LED 2 pk $5.97
3red LED $5.97
2 rocker switches $5.98
battery holder $1.79
potentiometer $2.99
Tax $1.47
11/24/2009 True Value miscellaneous hardware $6.00
11/27/2009 Michaels acrylic sphere $1.99
Tax $0.10
TOTAL $107.58

How to Operate Model
1) Turn on white lights with switch to show immune tgys at full strength
2) Fill syringe to halfway with red food colored watard insert syringe into the
smaller slot in the top of the tube behind the Ho&eep the bottom of the tube
unclamped.
3) CASE 1:

a. Bind virus to somatic cell
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d.

Dim white lights down half way with potentiometardb to show the
strength of the immune system is weakened by virus

Turn potentiometer so the white lights return tib $trength to show the
immune system is able to fight off the virus

Unbind virus from somatic cell

4) CASE 2:

a. Bind HIV to helper T cell

b.

Injection stage — push down the syringe to fill thiee in the nucleus.
Make sure to hold the bottom of the tube upward does not leak out
the bottom. Once the tube is full you can clampltbttom so it stays
filled throughout the presentation. This represéimesviral DNA being
incorporated into the DNA of the helper T cell. @ngjected, HIV takes
over the functionality of the host cell and usds itontinue replication.
Dim the lights about half way down with the potentieter knob to show
the strength of the immune system is weakeneddyitiis

Lysis stage - loosen the center bolt behind thedaad guide the bottom
of the helper T cell so it splits from the top.ittesthe helper T cell there
are mutated HIV which are able to rebind to the C&ekptors.

Dim the white lights almost all of the way off. Bhshows that since the
HIV are mutating during the replication procesg, ithmune system is not
able to fight off this virus as fast as it is atwdight off a normal virus.
Also since the HIV are rebinding to helper T cetlte number of helper T

cells in the immune system is declining steadilyteey split. Helper T
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cells are what send the signals to the immune sy&idight off the virus,
so since the number of helper T cells is declinthg,strength of the
immune system is declining and not able to resgorfdll strength.

f. Rebind virus to somatic cell

g. Turn on the red lights to show death since thengtreof the immune
system is so low due to the death of the helpezllE;ahey are not able to
send signals to the immune system to fight off dtieer virus. It is the
infection of the body from this opportunistic virtisat eventually kills a

person infected with HIV.

Ethics

HIV/AIDS is a controversial subject and should lecdssed a professional manor.
Because the students in this class are from vesrsk backgrounds, the description of
HIV infection must be scientific. The final produstll be purely under the control of the

client, so the misuse of the model is not a concern

Ergonomics

The torque required to attach the viruses to tlie eminimal and they can be
unscrewed with ease. The syringe and clamp requmenimal force to push the liquid
through the tube. In the lysis stage, the wingisittvisted tight by a few turns with a
single hand. The potentiometer is equipped wittrgd knob for ease of dimming the
white LED circuit. Two switches have been incorpedanto the design to allow for easy

operation of the circuits. The battery pack is ast#e for replacing the battery in the
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future. The whole model is fitted with two suppomsich allows the model to stand

independently.

Future Work

If future work on the model occurs, a few aspeéthe design and construction
could be improved. Researching materials that aneerdurable than the clay and plaster
mix could be used to improve the longevity of thdividual viruses. If the budget were
to be expanded there are several parts of the nloatetould be molded out of plastic to
allow for a smoother appearance to the model. plastic molds would have to be
designed and sent out to a company to pour. Gastience, and user safety must still be

taken into account in considering changes to théahstructure and construction.
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APPENDIX A

Educational model to illustrate HIV infection cycle
Product Design Specification Report

Team Members

Andy LaCroix -BSAC

Kara Murphy -BWIG

Jonathan Mantes Feam Leader
Kim Carlson -Communicator

Problem Statement

Our client, Marge Sutinen of the UW School of Médlécand Public Health,
works to educate students on the permanent efbé¢isv in her Contemporary Issues in
HIV/AIDS Prevention course. She has asked our teadevelop a three dimensional
model that captivates the attention of a classwdeograduates and visually illustrates the
HIV attachment to CD4 receptors on helper T céfis,permanent effect it has on the
body, as well as the differences between HIV ahémtiruses. This model will be used
as an aid in demonstrating the irreversibility ohtracting the HIV virus to persuade
students to use preventative measures to protecistives.

Client Requirements

- The model must be able to be easily transporteshdofrom the classroom.
The model must be clearly seen from a distanceméters.
The model must be 3 dimensional and color coordahat
The model should be directed towards college unddrte students with
minimal scientific knowledge.
The number of separate pieces and need for assaimialyd be minimized.
The model must be audience captivating.
The model must show the difference between HIV@thér viruses

Design Requirements

Physical and Operational Requirements

a) Performance Requirementslfie device will only be used for about one lecture
every semester. It should be durable enough fadllgnand viewing in the
classroom and be able to be passed around byuthenss. It should also be
functional after being in storage for a long timedvieen uses.

b) Safety— The model should have an absence of sharp etgesn abrasive
surface. There must be no parts that provide dyshézard to our client during
transportation or operation. It must be able théedled often.

c) Accuracy and Reliability- It does not need to be biologically proportiotwaan
actual cell. It is not intended for exact structanel scientific use. It only needs to
be a general representation of the structure, esigihg the parts involved in the
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d)

9)

h)
)
)
K)

process. The parts should not deform once the medétassembled and the
parts should fit back together for easy assembly.

Life in Service The parts should not wear over time. The model valh
teaching tool for undergraduate students durinlifgsme.

Shelf Life -The model will spend the majority of its time ioage as it will only
be used for about one lecture every semester. fhieumodel should not be
composed of any materials that will degrade winlstorage.

Operating Environment The model will be displayed and operated by one
person as a teaching tool for students. The moildbevoperated at room
temperature and pressure.

Ergonomics- Model must not injure or cause harm to user.sPdrbuld be large
enough to handle easily. The torque required fogvging on and off and
releasing parts should be reasonable. It shoulgmuoothly and efficiently during
each run.

Size— The model should be easily transported by ongopeio and from class.
Approximate size no largerthan 1 mx 1 mx .5 m.

Weight— The model should be easily carried by one pe&pproximate weight
no more than 5 kg.

Materials— All materials need to be non-radioactive, nomaftaable, and non-
corrosive.

Aesthetics- The model should be pleasant to touch, comfattbhold, and have
soothing colors.

Product Characteristics

a)
b)

Quantity— One prototype
Target Product Cost Must be around $100.

Miscellaneous

a)
b)

c)
d)

Standards and SpecificatiordN/A

Customer The model must be easy to view and be understamdigbl
undergraduate students with minimal scientific lggokind.

Patient-related concerns The model should be able to be sterilized togme
contact transmission of viruses such as HIN1.

Competition— There are similar items on the market but noaedhe marketed
towards our target audience and effectively demmatesthe severity of HIV.
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