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The three of us are scientists who work together to discover vaccines and therapies to combat HIV, the virus that causes AIDS.  We have a variety of training and backgrounds that bring us to our jobs.  Most of our work is in the areas of biochemistry, microbiology, and virology, all subsets of the field of biology.  

Today we will be doing an experiment to demonstrate one of the techniques used to determine whether a person is HIV-positive or HIV-negative.  PLEASE REMEMBER THAT THERE ARE NO BIOHAZARDOUS (DANGEROUS) MATERIALS USED.  For the actual hands-on part of the experiment, we will divide into two smaller groups, with up to seven of you working with one of us.  You'll get a chance to do part of the experiment, see results, and record them.  At the end of the experiment, we have planned some time to talk about the results, as well as for each of us to talk about our careers in science.

Before we describe the experiment, we would like to talk about HIV and how the human body responds to viral infection--why it is possible to detect the presence of the virus in the body.  We are going to talk about three main concepts.  For those of you who may have already had advanced biology, this will be a review--we want everyone to start the experiment with the same information.

I.  THE MAIN PLAYERS:  VIRUSES AND CELLS

First, let's talk about viruses.  Does anyone know the difference between bacteria and viruses (both are known as "germs" or "microbes")?

Bacteria are much larger than viruses, and bacteria are able to replicate and grow without infecting human or animal cells.  Viruses, in contrast, need to be inside cells to replicate to make new viruses.  They start by infecting a single cell, then spreading, as shown in this cartoon.

HIV is a virus that is spread by blood contact through cuts or shared contaminated needles, from mother to child and through sexual contact. HIV stands for Human Immunodeficiency Virus. HIV causes AIDS (Acquired Immunodeficiency Syndrome). HIV destroys the immune system, and the patient dies because the body is not able to fight off infections. 

· HIV Stands for Human Immunodeficiency Virus

· HIV causes AIDS (Acquired Immunodeficiency Syndrome)

· Disease develops ~10 years after infection

· HIV destroys the immune system

· It infects “Helper T cells” which coordinate immune defenses

· Death because body cannot control other infections

· Number of people living with HIV/AIDS in 2003:

· Worldwide: 40 million

· USA: 1 million

· HIV is spread by body fluids:

· Sexual contact

· Blood contact (Shared needles - IV drugs like heroin)

· Mother-to-child

· Number of children (under 15 years) living with HIV/AIDS in 2003:

· Worldwide: 2.5 million
· In USA: 10,000
To work with samples that might contain virus, we wear protective suits. We would now like a volunteer from the group to demonstrate.

II.  THE MAIN DEFENDERS:  IMMUNE RESPONSES

Once a foreign body or molecule of any kind enters our bodies, our immune system jumps into action.  Microbes such as viruses are recognized by the body’s defenses as "foreign."  One of the major defenses is to make a protein called an ANTIBODY.  Antibodies are molecules shaped like little "Y's" that bind (stick) directly to the particular protein they are designed to recognize.



Once we have "seen" the foreign object, our bodies respond by making antibodies in very high quantities.  These antibodies stick to the foreign protein, and the protein or virus then gets removed from the body.  In the case of HIV infection, the HIV virus particle is what the antibody sticks to.

A drawing of the HIV virus is shown in the cartoon below.







About 4-8 weeks after infection with HIV, a person begins to make antibodies that bind to HIV and only to HIV--they are HIV-SPECIFIC ANTIBODIES.  The presence of these antibodies in our blood can be measured easily after a few weeks of infection.  In the case of HIV, many of the antibodies bind to the protein on the outside of the virus, the ENVELOPE PROTEIN.  

III.  DETECTION OF ANTIBODIES IN BLOOD

Blood is a solution of plasma and cells, including white and red blood cells.  Some of the white cells are called B cells, and these produce the antibodies.  If you separate the cells from the plasma, the liquid plasma is clear and it contains all of the antibodies that are in that sample of blood.

A person who is not infected with HIV has lots of antibodies that can bind to other foreign proteins, but none that can bind to HIV.  An HIV-infected person has many other antibodies, and he or she also has the HIV-specific antibodies.  We need a test that can discriminate between HIV-positive and HIV-negative blood samples.  In other words, we cannot simply look for antibodies--we need to look for HIV-specific antibodies.

We will break into small groups now and do exactly this experiment.  You will NOT be using actual human plasma, because this is infectious.  Instead, we have done an experiment with a virus-free solution of antibodies.  BUT your results will look exactly like the clinical test used to determine whether human plasma or serum has the antibodies.

The detection of the antibody is called an ELISA.  This acronym stands for:

Enzyme

Linked

Immuno

Sorbent

Assay

We take advantage of the ability of the HIV antibodies to bind to the virus protein called the envelope protein.  We can use genetic engineering or recombinant DNA to make a copy of the HIV envelope protein.  We first stick this protein to a piece of plastic.  This is a pH-dependent process.



Once the protein is stuck, we then add a solution containing antibodies, like human plasma, to the protein and let the antibodies stick by incubating the two for about an hour in a warm oven (body temperature, 37°C).


We then wash off the excess antibody, and add another antibody to detect the first one.  This second antibody has two functions:  

(1) 
it recognizes the first antibody, and 

(2) 
it has an enzyme bound to it (now you see the "enzyme-linked" part).  

After binding the second antibody, we wash off the excess and do a chemical (enzymatic) reaction to detect the enzyme.  The enzyme converts hydrogen peroxide to a chemical form that attacks a dye and changes it to another color.  The amount of blue dye tells us how much HIV antibody stuck to the envelope protein, so we can discriminate negatives, low and high positives.   
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A day in the life of a....SCIENTIST

Our job is a fun and exciting mixture of working independently at the laboratory bench doing our experiments; interacting with others in sharing our data/results, new ideas; and in planning new experiments.  It is hard work, but very rewarding.  A typical week includes:

Doing Experiments

· planning experiments based on ideas to test

· gathering reagents (ordering, buying, etc.)

· DOING experiments!

· analyzing and discussing results--figuring out what they mean

· recording results and data in our lab notebooks

Reading

· Reading scientific papers (about AIDS, vaccines, drugs, etc.) and going to the library too!

· Keeping up in the lay literature, newspapers, etc.

Communicating  with other scientists by E-mail, telephone, & FAX

Meeting with other scientists

· within our research group (every week)

· within our project teams (every month for each project)

· within Seattle at other research facilities

· in our academic department

· countrywide and worldwide (usually once or twice a year)

· listening to other scientists present lectures about AIDS and related topics at the institute, the university, other institutions

Writing

· writing up our project progress & doing strategic planning at retreats of our lab group and our department

· writing grants and progress reports

· writing up our results in the form of scientific publications when a complete "story" is there--to be published in international journals for other scientists to read--usually several times a year

Teaching

· teaching courses at the University of Washington

· training students to work in the lab

· giving talks to groups of students and teachers as part of our community outreach program

I am attaching the handout from an EYH presentation we do with mock ELISAs. (the big blank spots are for pictures we xeroxed out of "Cell Wars")

The kids really liked the hands-on. It's a bit intensive - we had at least 2 adults for 12 kids. 

here is a recipe for fake ELISAs:

we used actual ELISA plates (Immunosorp) and we coated about 25-30 wells (random pattern, but have positive and negative controls) with Extravidin-HRP (1:5000 in carb-bicarb) overnight, washed them and stored them in PBS/0.2% Tween 20. We developed with liquid TMB. They can be washed in the same and reused twice.

other stuff we brought:

multichannel pipets (preset to 50 ul)

non-sterile basins for the TMB

yellow tips 

safety glasses

gloves

TMB in 7 ml aliquots (you only need 5 but the kids will mess up)

we had kids work in pairs, each developed half a plate. then they all filled in the picture of a 96 well plate. 

we wrote a code on each handout (like D3 or F7) and after we developed the plates, we told each kid that she was a doctor and the code was for the well for her patient's test, and was her patient positive or negative, and what would she say to her patient.
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Page 1

