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December 2003

Climate Temperature Change "Proxy"

1.
Climate researchers use a variety of "proxy" measurements to quantify the temperature and carbon dioxide concentration of the prehistoric atmosphere, for which direct measurements are impossible.  The most common proxy for temperature is the 18O/16O isotopic ratio. 18O is a stable heavy isotope of oxygen that accounts for about 0.2% of the oxygen in seawater.  Because it has a slightly heavier nucleus, the presence of 18O affects the rate of evaporation, precipitation, and crystal formation of H218O relative to H216O.  Changes in temperature impact this ratio, so researchers can use the small (~0.1%) changes in the 18O/16O isotopic ratio as a surrogate for temperature.

 
Your job is to measure the 18O/16O isotopic ratio for the past ~ 400,000 years so that a proxy temperature record can be developed.  There are two approaches that you can choose from.  You can measure the ratio as a function of depth for a series of ice cores from glaciers around the world, or you could choose to use fossil shells of planktonic foraminifera from carbonate ocean sediments. 

 
Outline the technique you would use for these measurements taking care to address any relevant analytical issues.  Especially consider the following questions:

-
What chemical property will you use as your analytical signal?

-
What detection limit is required for 18O and 16O to resolve 0.1% changes in their ratio?

-
What level of resolution will you need to attain in your analytical signal?

-
Which sample type will you use? What are your considerations for sample preparation?

-
What factors constrain the sample size to be used?

-
What precautions will you have to take to avoid contamination or alteration of the ratio prior to analysis?

-
What are the potential interferences for your assay?

-
How would you calibrate your assay?

Case Study: Clinical assay for SLE

2.
You are the manager of a clinical laboratory. A local physician sends you 10-mL vials of blood from three different patients and asks you to test each sample for supporting evidence of a chronic disease called systemic lupus erythematosus (SLE). The presence of a specific antibody in a blood sample will indicate that the patient may have SLE.  You will use the following ELISA protocol to test for the presence of the SLE antibody.  Discuss the purpose of each step and where possible discuss how each step affects false positive and false negative results.

Step 1:
Centrifuge whole-blood samples of patients A, B, and C for 15 minutes at room temperature to get the serum.

Step 2:
Using the serum from each  patient , prepare 1:1, 1:10, and 1:100 dilutions with pH 7.4 phospate/NaCl buffer (PBS).

Step 3:
Add to each well of a  microtiter plate coated with SLE antigen 0.1 ml of the different dilutions of patient serum in triplicate.
Step 4: Add to two lanes of  the plate 0.1 ml of anti-SLE primary antibody (positive control) and a buffer (negative control).
Step 5:
 Incubate the ELISA plate at 37° C for 15 minutes.

Step 6: 
Remove the fluid from each well with the pipettor and wash with 0.1 ml of PBS. Buffer

Step 7:
Add 0.1 ml of buffered solution containing a secondary antibody that recognizes antibodies made in humans. Note this secondary antibody is made in a rabbit and has an attached horse radish peroxidase enzyme (HRP).

Step 8:
Incubate the ELISA plate at 37° C for 15 minutes.

Step 9: 
Remove the fluid from each well with the pipettor and wash with 0.1 ml of PBS buffer.

Step 10:
 Add 0.1 ml of buffered solution containing the chemical substrate S of  the HRP enzyme. HRP will convert the clear substrate into a yellow product.  After 15 minutes read on a microtiter reader at 414 nm

The results are the following:
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What are your conclusions about each patient?
What are potential positive or negative interferences for this assay?
How would you calibrate your assay?


-
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