Determination of microbial adenosine-5’-triphosphate (ATP) in seawater samples by the firefly bioluminescence assay

Instructor: Karin Björkman

Objectives:

1. Understand and conduct measurements of particulate ATP in natural samples.

2. Construct a calibration curve in Tris buffer and use the ATP luminometer.

3. Determine ATP concentrations in field samples.
Introduction:

 Adenosine-5’-triphosphate (ATP), is an obligate constituent of all living organisms and essential in the majority of the cells energy requiring processes. ATP is the primary metabolic energy storage and transport molecule in all cells and its concentration in healthy cells are relatively conservative.

In field studies it is often desirable to determine the total amount of living cellular material, or biomass.  Conventional methods such as fresh or dry weight determinations, rate of increase of cell numbers, etc., usually cannot be used in oligotrophic environments owing to (a) lack of sensitivity in the analytical procedures, (b) the presence of a heterogeneous assemblage of organisms, (c) the presence of dead cells and (d) the presence of detrital (non-living organic material which is not associated with the living cells).  Estimation of cellular biomass by measurement of ATP is not limited by any of these considerations and can be used as a proxy for amount of living biomass.
The rationale for using ATP to estimate living biomass is the ubiquitous distribution of ATP in all living cells, the rapid loss of ATP from dead cells and the fairly uniform concentration of ATP in the protoplasm of all microbial cells.  Data on ATP concentrations can thus be extrapolated to biomass parameters, such as cellular organic carbon or dry or fresh weight (Holm-Hansen 1973,  Karl 1980).  
Principle of analysis
The cellular ATP is extracted from viable microorganisms in boiling TRIS buffer following sample concentration by vacuum filtration.  The extracted ATP is analyzed in a luminometer by the firefly bioluminescence reaction, and the ATP content is related to total living (biomass) microbial carbon by the application of a laboratory-derived extrapolation factor. 
The firefly bioluminescence assay is based on chemical reaction between ATP and D-luciferin, catalyzed by the enzyme luciferase in the presence of Mg2+, which liberates the energy stored in ATP to produce light in a two step reaction sequence (McElRoy and DeLuca 1973, see also Karl and Holm-Hansen 1976).


ATP + luciferin (LH2) + luciferase (E) (( E-LH2-AMP + PPi
(1)


E-LH2-AMP + O2 (  oxyluciferin + E-P + AMP + CO2 + hv
(2)




The light flash yield in this reaction is quantitative to the amount of ATP present. The assay is very sensitive. However, the enzymatic reaction is also inhibited by factors such as salt concentrations and  pH. The samples collected from seawater will contain some residual amounts of sea salts and the detection limit in our hands is approximately 0.1 ng ATP ml-1, equivalent to approximately 0.5 ng ATP l-1 (or 1 pmol ATP l-1) seawater using our standard concentration procedure (see below). 

Note that the yeild is dependant on the volume of water filtered. In eutropic systems < 100 ml would be sufficient, whereas in oligotrophic systems several litres may be required to collect enough material.

PROTOCOL:

Supplies field sampling:

1. Acid cleaned high density polyethylene (HDPE) sampling bottles

2. Vacuum filtration manifold, pump and waste carboy

3. Filtration funnels and bases with clamps

4. Whatman GF/F filters ø 47 mm

5. Glass tubes with stoppers (Vacutainers 15mm x 150 mm are suitable)

6. Extraction buffer (Tris 20 mM, pH 7.4; #T4003, Sigma Chemical C:o)

7. Dry bath with aluminum heat blocks capable of maintaining a temperature of 1001(C in extraction medium

Fill the Vacutainers with 5 ml of the Tris buffer. These can be made beforehand and stored frozen at -20ºC and thawed out prior to use.

Supplies for firefly bioluminescence assay:

1. ATP photometer or equivalent light detection instrument, preferably equipped with an automatic injection unit and interfaced with a computer for calculations of peak height and the integrated counts of the light emission decay curve

2. Centrifuge

3. Adjustable automatic pipettes (10-100 µl, 100-1000µl, 1-5 ml)

4. Microcentrifuge tubes

5. Firefly lantern extract (FLE) mixture for bioluminescence assay: 

a) Firefly lantern extract, freeze dried (FLE-250; Sigma Chemical C:o)

b) Magnesium sulfate 0.04 M (MgSO4; Fisher #M63)

c) Arsenate buffer 0.1 M, pH 7.4 (Na2HAsO4, Mallinckrodt)     

All solutions are made up in distilled deionized water. The arsenate buffer is titrated with 3M H2SO4 to pH 7.4. The FLE is reconstituted in 5 ml DDW per 50 mg vial and allowed to age at room temperature for 6-12 hours prior to diluting with equal volumes of solution 2 and 3 to a final volume of 25 to 50 ml. The FLE mixture is filtered through a GF/F filter to remove solids.

Standard dilution series (0 to 100 ng ATP ml-1) are made up in Tris buffer (20 mM, pH 7.4) from stock solution at 1mg ATP ml-1. 

ATP extraction from seawater samples:
1. Thaw and bring to boil the tubes containing 5 ml of extraction buffer (Tris 20 mM, pH 7.4) in the heat block just prior to starting filtration. Let the vacuutainer stoppers be slightly open to avoid pressure to build up as the liquid is heating up.

2. The samples are filtered through GF/F filters as soon after field sampling as possible. The volume filtered depends on the expected amounts of ATP and may range from <100 ml in eutrophic, high biomass waters to several liters in oligotrophic environments.

3. Immediately after the last water has gone through the filter immerse in the boiling extraction buffer using clean forceps. It is important that the filters do not go dry during filtering and that the buffer is boiling when the filter is immersed.

4. Extract sample for 5 minutes with stoppers slightly opened. Allow to cool, stopper completely and store frozen -20(C until analyzed for particulate ATP.


Firefly Bioluminescence Assay:
1. Make up your standard curve series in Tris buffer. (Typical concentrations used are 0.1, 0.3, 0.5, 1, 3, 5, 7.5, 10, 15, 30, 50, 100 ng ml-1 from a stock standard at 1000 ng ml-1) 

2. Thaw sample tubes and if necessary push filter to bottom of tube using a clean glass rod. 

3. Centrifuge at 1000xg, 15 minutes to remove filter debris.

4. Insert the solid standard into the TBS 2020 luminometer and turn the instrument on. This is to assure that the instrument is functioning properly.

5. Prime the pump lines with the FLE solution. Make sure you have a collection vial in place under the nozzles.

6. Place 100 µl sample in a microcentrifuge tube and insert in TBS 2020 luminometer. 

7. Close the lid.  Name the sample and push “Measure”. 300 µl of the FLE reaction mixture is injected into the sample and the light emission is reported as RLU’s (RLU = relative light units).

8. Run check standards and standard curve determinations on several occasions as the FLE reaction properties may change over the course of measurement.

9. Calculate the concentration in your original sample.
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