Biological Frameworks

Laboratory:  Environmental Engineering Module 

Bioremediation of Mixed Contaminants:  Metal/Aromatic Mixtures
Aromatic pollutants

Aromatic compounds represent some of the most persistent of environmental pollutants.  In addition to benzene and related chemicals containing a single aromatic center (e.g., the BTEX components of gasoline), the polycyclic aromatic hydrocarbons (PAHs) are widely distributed environmental pollutants (primarily the product of combustion processes).  Many of these compounds are known or suspected carcinogens and are therefore classified as priority pollutants.  Persistence in the environment is associated with a variety of chemical and biological factors.  Their biodegradation requires specialized enzyme systems that are produced by specialized groups of microorganisms.  In addition, their low water solubility and high affinity for soil matrix materials often makes then unavailable to microorganisms.  At high concentrations they are toxic to microorganisms.

Aromatic pollutants are often found in association with other contaminants that may affect rates and extent of their degradation.  For example, metals frequently occur as co-contaminants at highly impacted industrial sites.  The presence of metals imposes additional limitations on the use of the biological option for clean-up (bioremediation).

Microbial interactions with metals:  Heavy metal resistance
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Glossary of terms relevant to bioremediation

Http://www.egr.msu.edu/tosc/ashland/january_13_2000/glossary.shtml

Laboratory 

Each Group
You will set up enrichment cultures for both the least and most contaminated soil samples.  The purpose of an enrichment culture is to give species with a certain characteristic a growth or survival advantage over the other organisms.  In this case, we’re trying to enrich for bacteria that are capable of degrading phenol, and also those that are capable of degrading phenol in the presence of an elevated concentration of copper.

Basal Mineral Medium

10L of basal media

K2HPO4
25.3g

NaH2PO4
22.5g

( Dissolve phosphate salts first in 1L of deionized water

(NH4)SO4
5g

MgSO47 H20
2g

( Dissolve sulfate salts in 1L of deionized water

Combine ingredients above, add 10ml of 1000X trace element mixture (below); bring volume to 10L.

Trace Elements  (1000X)

-add in the following order, adjusting pH to 5.0 following each addition

	dH2O
	500 ml

	EDTA
	5 g  (6.37g of the dihydrate compound)

	ZnSO4(7H2O
	2.2 g

	CaCl2(2H2O
	0.733 g

	MnCl2(4H2O
	0.506 g

	FeSO4(7H2O
	0.499 g

	(NH4)6Mo7O4(24H2O**
	0.110 g

	CuSO4(5H2O
	0.157 g

	CoCl2(6H2O
	0.161 g


The resulting pH of the solution should be ~ 6.5 – 7.0.

100 ml of this media has been added to sterile culture flasks.

· Select 2 soil/sediment samples (from contaminated and “uncontaminated” sites)

· Add  5-10 grams of soil to 40 ml of basal medium in a 50 ml polypropylene tube (blue tops).  Record amount of soil added.

· Vortex for several minutes and allow sediment/soil to settle for approximately 30-60 minutes

· Prepare 2 sets of flasks (3 flasks/set ) using stock solutions of phenol and CuSO4 to prepare basal media containing

1. Basal medium with no addition

2. Basal medium containing 20 mg/L phenol

3. Basal medium containing 20 mg/L phenol plus 200 ppm Cu (CuSO4 stock solution)

** Phenol is caustic and poisonous - if you get any phenol on you, or media with phenol, wash immediately.  Wear gloves and safety glasses!!**

· Decant approximately 25 ml of soil/sediment supernatant into a clean tube

· Add 5 ml of soil/sediment supernatant to each flask

· Prepare appropriate dilutions (in triplicate), for only the no addition flask

Confirm phenol concentration using CHEMets colorimetric analysis 

Kits will be provided in the lab

Bacterial Cell Numbers Determination

A standard method for measuring bacterial numbers in culture or water samples is the membrane filter technique.  This technique involves filtering a known volume of water through a special sterile filter. These filters are made of nitrocellulose acetate and polycarbonate, are 150 µm thick, and have approximately 0.45 µm diameter pores.  A grid pattern is printed on these filter disks in order to facilitate colony counting.

When the water sample is filtered, bacteria (larger than 0.45 µm) in the sample are trapped on the surface of the filter. The filter is then carefully removed, placed in a sterile petri plate containing appropriate agar growth medium and incubated at an appropriate temperature until growth of colonies is observed.  One assumes that each bacterium trapped on the filter will then grow into a separate colony. By counting the colonies one can directly determine the number of bacteria in the water sample that was filtered.

In determining total bacterial numbers, the amount of water filtered should be enough to result in the growth of about 20-80 colonies and no more than a total of 200 bacterial colonies of any one type.

1. Assemble the sterilized filtration apparatus as demonstrated by your instructor.  The filter must be handled only with flame-sterilized forceps. The filter is brittle and is easily torn, so please handle it gently.  If necessary, remove the blue protective tissue paper from both sides of the white filter.

2. Prepare dilutions of your soil/sediment suspension as directed by the instructor

Recommendation – Assume ca. 10^4 cells/ml when plating on R2A.   Assume that approximately 0.1 – 1% of the native microbiota have the capacity to catabolize phenol.  Assume  0.001 - .01% are intrinsically Cu resistant.
3. Turn on the aspirator and allow the sample water to pass through the filter.  Following sample filtration, and with the filter still in place, rinse the interior surface of the funnel by filtering three 20- to 30-mL portions of sterile dilution water

4. Immediately after the final rinse has passed through the filter, turn off the vacuum and disassemble the filtration unit.  Using flame-sterilized forceps, carefully peel the white filter from the support and place it on appropriate agar medium with a rolling motion to avoid entrapment of air.   Invert dish and incubate for 22 to 24 h at 30 ± 0.5°C.

5. Reassemble the filtration unit (minus the filter) and rinse by passing approximately 100 - 200 mls sterile distilled water through it.  This will clean the unit for the next sample/student.   Empty the wastewater in the sink and rinse out your sample bottles.
· Place filters on

- R2A medium

- R2A medium plus 200 ppm Cu

- Basal medium @ 0.5 mM phenol

· Incubate plates for 3 – 4 days at 30ºC and enumerate colonies (return plates to incubator and re-examine following an additional 3-4 days incubation)

· Incubate all flasks at 30ºC with show shaking.

After one week of incubation, supplement the phenol containing flasks with additional phenol (0.5 mM final).

Confirm phenol concentration using CHEMets colorimetric analysis 

Kits will be provided in the lab

Microscopic observation of environmental materials
Bacterial cells will be visualized by staining their DNA with a fluorescent dye (DAPI) and observing with a fluorescence microscope.

Simple DAPI Staining Protocol

DAPI is 4’, 6-diamidino-2-phenylindole dihydrochloride hydrate and binds at AT-rich regions. DAPI staining can be performed on fixed cells (osmium-, formaldehyde, or ethanol-fixed) or unfixed cells.  The cells can be concentrated by centrifugation and resuspended to concentrate them.

[image: image2.png]Table 2 Toxicity of heavy-metal ions in Escherichia coli. The
minimal inhibitory concentration (MIC) was determined on TRIS-
buffered mineral salts medium (Mergeay et al. 1985), starting pH
7.0, containing 2 g sodium gluconate/l as carbon source, and 1 g
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MIC (mM) Heavy-metal ions

0.01 Hg> "

0.02 Ag", Au*"

0.2 CrO}-, Pd**

0.5 Pt Cd?*

1.0 Co®", Ni?*, Cu?", Zn?"

2.0 TI, U0, (La® ", Y3, S ), (Ru* ", AP T)°
5.0 P2, (1, 088", Sb* ", Sn? ", In* ', RR2,

Ga“. Cr“, V'H. Ti“, Bez+)h

10.0 (Cr2y°
20.0 Mn?"

#Weak acidification of the medium had to be allowed to keep the
metal ion in solution

® Acidification of the medium had to be allowed to keep the metal
ion in solution



Staining of unfixed cells:   The staining intensity is less than with fixed cells (because of the more dispersed shape of the nucleoids) and the fluorescence extinguishes quicker.   Add DAPI at a final concentration of 0.2 µg/ml; mix well and allow to stain for about 5 min. before observing the cells microscopically.
1. Add approximately 1 gm of your environmental sample to 2 ml of base mineral medium (no phenol) in a test tube, shake vigorously and allow to settle.   Place a small drop of the on a microscope slide and add a small drop of DAPI solution (this is a potential carcinogen, handle with care and dispose of properly).

2. Repeat above with a sample from your inoculated enrichment culture.  Record abundance qualitatively, i.e., the approximatge number of stained cells/microscopic field.

Post Enrichment Analyses

Microscopy

Repeat DAPI staining with a sample from your post-incubation enrichment cultures

Bacterial Cell Numbers Determination

· Using sterile dilution water, Prepare

· 1/1,000 dilution of Basal medium with no addition flask (50 ul + 50 ml sterile water)

· 1/1,000 dilution of R2A medium plus 200 ppm Cu (50 ul + 50 ml sterile water)

· 1/10,000 dilution of Basal medium containing 20 mg/L phenol plus 200 ppm Cu (5 ul + 50 ml sterile water)
· Plate in triplicate (5 ml, 500 ul, & 50 ul of each dilution) using membrane filters as previously.

· R2A  medium

· R2A  medium plus 200 ppm Cu

· Basal medium plus 20 mg/L phenol

· Basal medium plus 20 mg/L phenol plus 200 ppm Cu

· Incubate 3-4 days at 30ºC

· Count colonies and return to 30ºC

· Verify colony counts at 7 – 8 days
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