BACTERIAL PRODUCTIVITY  MEASURED  BY

LEUCINE  INCORPORATION  INTO  PROTEIN  AND  NUCLEIC  ACID
The purpose of this procedure is to determine the rate of incorporation of a "standard DOC" into protein and nucleic acids.  Although some algae are heterotrophic, by far most of this heterotrophic activity is bacterial.  The reason for using leucine is that bacteria are known to take up amino acids from their environment and amino acids are known to be present in modes amounts.  Generally, 1 - 10 nM is cited as the "expected amount of thymidine in natural waters.  The bacterial uptake constant Kt for leucine is generally about 10 nM, so these critters are not living in a "saturating quantity" of leucine and they are not taking them up at Vmax.  Saturating quantities are somewhere between 20 and 50 nM (Jorgensen 1992).  Leucine is useful as a means of measuring bacterial carbon production and incorporation of thymidine is useful for measuring bacterial cell production (Simon, et al. 1990).

In this procedure we will add sufficient leucine to bring the concentration to "saturating" (an assumption), so that we we will assume that the uptake is at Vmax and that we are measuring "potential" production rather than actual production.  For reference you might check out:

Jorgensen, N.O.G. 1992. Incorporation of 3H-leucine and 3H-valine into protein of freshwater bacteria: Uptake kinetics and intracellular isotope dilution.  Applied and Environmental Microbiology  58: 3638 - 3646.

Simon, M. and F. Azam. 1989.  Protein content and protein synthesis rates of planktonic marine bacteria.  Marine Ecology Progress Series. 51: 201 - 213.

Simon, M., A.L.Alldredge, and F.Azam.  1990.  Bacterial carbon dynamics on marine snow.  Marine Ecology Progress Series 65: 205 - 211.

Solutions:

0.1 M NH4OH:
6.5 mL conc. NH4OH brought to 1000 mL    (conc. NH4OH = 14.8 M)

5 mg mL-1 DNA:
dissolve 50 mg DNA (Sigma: D-1501) in 10 mL 0.1 M NH4OH

1 mM  Leucine:


1 mg mL-1 BSA/DNA:

put 2 mL (5 mg mL-1 DNA) in a tube

add 10 mg BSA  (Sigma:  A-4378)

add 8 mL 0.1 M NH4OH

1 μg mL-1 BSA/DNA:

serially dilute (1 mg mL-1 BSA solution) in 0.1 M NH4OH

1 mL plus 9 mL 0.1 M  NH4OH

using 10-fold dilution series 

dilute to 1 μg mL-1 using 0.1 M NH4OH

6.1 M TCA:

use straight out of the bottle (Sigma 490-10)

5% TCA:

dilute 5 mL of 6.1 M TCA with 95 mL water. (grad cyl)

Protocol:  

Leucine  uptake into proteins and nucleic acids
Prep:  

1000 nM 3H-leu prep:   e.g. 53 uL leu from vial (53 Ci/mmol; 1 mCi/mL) + 0.947 mL sterile water.    (i.e. about 50 μCi)
5% TCA prep:
10 mL 6.1 N trichloracetic acid (Sigma) + 190 mL sterile 
water.   chilled in frig to 5o C.

Carrier solution:  (1ug BSA + 1ug calf thymus DNA per mL 0.1 M NH4OH)

I. Labelling procedure:

Place 10 mL portions of lakewater samples in plastic dispo tubes.   Run each test in triplicate -- plus a formalin fixed control.  Add 1 mL formalin to 10 mL sample.  Let stand at least 20 min before proceding.

1.
Add 100 uL ( 1000 nM Leucine prep) centrifuged at 10 k -- 10 min.

(i.e. about 5 μCi)

2.
Time the additions (adding to successive tubes at 30 sec intervals). 

End uptake exactly 60 min later (timed with a stop watch to the nearest second): filtering through 0.22 um filters MP pre-soaked in 1 x 10-3 M leucine.

3.
Rinse tubes with 2 mL 5% TCA (ice cold) and filter through same filter

4.
Rinsed with additional 2 mL 5% TCA

Added 4 mL 5% TCA and placed in frig for at least 10 min.

Washed with another 2 mL 5% TCA

5.
If necessary this is a good stopping place.  Store filters in screwcap scint vials frozen until further processing.

II. 
Extraction of nucleic acids into the soluble phase using the hot TCA method.
[principal:  nuc. ac., particularly DNA are hydrolyzed to oligo-nucleotides that are soluble in cold TCA,  but proteins are not hydrolyzed much, if at all and so they remain TCA insol after the mild acid hydrolysis.]

1. 
Transfer filters to small glass test tubes.  

Add 2 mL 5% TCA. 

Add 50 uL (1ug BSA + 1ug calf thymus DNA per mL 0.1 M NH4OH)

2.
Autoclave for at least 40 min.   then exhaust on slow, total = about 80 minl.

Cool samples down to 5 deg afterwards by placing them in the frig. for at least 20 min. or in an ice bath for at least 10 min.

3.
Pre-soak  fresh 0.22um Millipore filters in 10 mM thymidine and place them on the Millipore manifold and set up the manifold to collect the filtrate.  (thd is used because you want the nucleic acids to pass through the filters).

4. 
Place original filter on app and filter through both filters.  Filter the whole solution (about 1.5 mL is left after boiling).   

Collect the filtrate in scintillation vials or tubes under the filters. 

5.
Add Scintiverse E or BD  to the soluble fraction in the scint vials (the nucleic acid fraction).

6. 
Also,  rinse the remnant filters 3 x (1 mL 5% TCA  -- ice cold)  Throw this rinse away.  

7.
Dry the filters (several hrs at T > 45o C to sublime the TCA).  Add Scintilene and count by L/S.   (this is the "protein fraction").

For leucine uptake into proteins the "protein" fraction is the important filter, while the "soluble" fraction indicates the stuff that went into DNA.

III.
Conversion of cpm to bacterial C production.

1.
Determine the dpm, from a set of differently quenched standards.

2.
Determine the number of mols, from the specific activity (e.g. 53 Ci mmol-1) and the relationship that there are 2.22 x 1012 dpm Ci-1
3.
Determine the number of cells from the conversion factor:

(12.8 x 1016 cells mol-1) from Jorgensen, 1992.

(assuming that the internal isotope dilution at 10 nM is 50%): 

(Simon and Azam, 1989)

4.
Determine the bacterial C production from the conversion factor:

(23 x 10-15 g C per bacterium)

(Assuming the average volume is 0.1 μm3):

(Simon and Azam, 1989)

