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1. Overview

1.1. Membrane filtration and the subsequent culturing of bacteria collected is a useful technique to assess the quality and cleanliness of a water source.
1.1.1. Title Slide.

1.2. The quality of water destined for use in agricultural, recreational, or domestic settings is of great importance, due to the potential for outbreaks of waterborne disease. If water is contaminated with fecal matter from animals or humans, then pathogenic parasites, bacteria, or viruses may be spread to new hosts upon their ingestion (1.2.1). Monitoring water sources for such disease-causing organisms is therefore critical to ensure public health (1.2.2).
1.2.1. See storyboard

1.3. The sheer number and variety of fecal-oral pathogens that may be present in a water source makes it impractical to assay for each independently and on a regular basis. Instead, common microbiological assays for water quality utilize coliform indicator bacteria (1.3.1).
1.3.1. See storyboard

1.4. This video will illustrate the process of membrane filtration on an environmental water sample, demonstrate how to culture several types of fecal indicator bacteria including total coliforms, fecal coliforms, and fecal entercocci, and describe how to verify the presence of fecal contamination.
1.4.1. Use Shot 3.5.3
1.4.2. Use Shot 4.2.1
1.4.3. Use Shot 5.4.2

2. Principles of Membrane Filtration for Indicator Bacteria

2.1. Total coliforms are members of the normal intestinal microflora of warm-blooded mammals, are non-pathogenic, and constantly excreted in the feces. However, several types of total coliforms occur naturally outside of the mammalian digestive tract. Therefore, the presence of fecal coliform bacteria, such as E. coli, serve to indicate contamination of water by excrement and the possibility of harmful pathogenic microorganisms.
2.1.1. See storyboard

2.2. The membrane filtration technique utilizes negative pressure to draw water samples across a filter and trap bacteria. The filter is a specialized membrane with a minimal mean pore size of 0.45 μm (zero point four-five) that allows the capture of bacteria, which are typically around 1 μm in size. After filtration, the membrane is applied to agarose growth media, and incubated at conditions appropriate to culture the target microorganisms.
2.2.1. See storyboard

2.3. This technique is most ideal for low turbidity sources such as drinking water, swimming pools, or lakes and reservoirs (2.2.1). Water high in particulate matter content can result in fouling or clogging of the filter, limiting the volume that can be processed (2.2.2). Additionally, membrane filtration is not practical for water sources containing large numbers of background, or non-coliform bacteria, like raw sewage, as this can increase the difficulty of enumerating target coliforms upon culture and incubation (2.2.3).
2.3.1. See storyboard

2.4. Now that we are familiar with the principles behind the membrane filtration of water samples, let’s take a look at how this procedure is carried out.
2.4.1. Use Shot 3.6.2
2.4.2. Use Shot 4.4.1
2.4.3. Use Shot 5.3.3

3. Water Sample Collection and Processing

3.1. To begin the procedure, first collect water samples from test water sources of interest. Ensure the samples are collected in sterile 1-L bottles.
3.1.1. WIDE: Establishing. Talent approaches a water source with a bottle.
3.1.2. MED: Talent takes water sample from source, seals, and labels. 

3.2. Once collection is complete, put the samples on ice, and transport them to the laboratory for microbial analysis. 
3.2.1. MED over the shoulder: Talent places sample/s on ice.
3.2.2. WIDE: Establishing. Talent walks into laboratory with sample.

3.3. To begin the analysis, first sterilize a membrane filtration manifold (TEXT: Autoclave, expose to UV radiation for 2 min, or ethanol-flame treat). Next, connect the manifold to a vacuum pump and filtration waste flask containing bleach. 
3.3.1. MED over the shoulder: Talent places membrane filtration unit in sterilizing unit, or flame sterilizes.
3.3.2. MED: Talent assembles filtration manifold and attaches to pump/waste flask.

3.4. Ethanol flame-sterilize forceps and remove a sterile gridded membrane from the packaging (TEXT: ~47 mm diameter, 0.45 μm pore). Place the filter onto the center of the membrane filtration area of the manifold, and apply a sterile filter funnel to the unit, then secure in place. 
3.4.1. CU: Talent flame-sterilizes forceps.
3.4.2. MED: Talent removes filter from packaging.
3.4.3. CU: Talent places filter onto membrane filtration area of manifold, attaches filter funnel, secures.

3.5. Measure out a desired volume of test water (TEXT: ~100 mL) into the funnel. Apply a partial vacuum (TEXT: 34-51 kPa) to draw the test sample through the filter. Suspended solid material, including bacteria and other organic matter, greater than 0.45 μm will be trapped on or within the filter, while smaller particles, viruses, and dissolved solids will pass though into the waste flask containing bleach.
3.5.1. MED over the shoulder: Talent adds 100 mL sample to funnel.
3.5.2. MED: Talent turns on vacuum filter.
3.5.3. CU: Liquid being drawn through filter, showing the top part of the filter, then pan down to liquid dripping into bleach flask in bottom.

3.6. After the sample has passed through the filter, rinse the interior of the funnel with 25 mL of sterile water three times, allowing this to pass through the filter. When the final rinse is complete, disconnect the vacuum and remove the funnel from the manifold.
3.6.1. MED: Talent rinses filter with sterile water.
3.6.2. CU: Filter rinse passing into waste flask.
3.6.3. MED: Talent powers off vacuum and disassembles manifold.

3.7. Next, ethanol flame-sterilize forceps and immediately remove the membrane filter from the unit. Place it onto the appropriate growth plate for the target microorganism (TEXT: See Table 1) using a rolling motion to ensure complete contact with the surface and avoid trapping air bubbles.
3.7.1. MED: Talent flame sterilizes forceps.
3.7.2. CU: Talent removes filter. 
3.7.3. MED: Talent places filter onto growth plate.

3.8. For processing additional samples, replace the used filtration funnel with a sterile unit for each sample, and ethanol-sanitize the stainless steel manifold to prevent cross contamination.
3.8.1. MED: Talent flame sterilizes forceps.
3.8.2. CU: Talent removes filter. 

3.9. Finally, place the plates into an incubator for the appropriate incubation period (TEXT: See Table 1).
3.9.1. MED: Talent places plates in incubator.

4. Colony Identification

4.1. Following the incubation period, remove the plates from the incubator for enumeration. If possible, perform the colony counts under low power magnification using a cool white light source. 
4.1.1. WIDE: Talent approaches incubator and removes plates.
4.1.2. MED: Talent places plates next to microscope/magnification source.

4.2. To determine total coliforms, identify and count colonies that appear pink to dark red in color, and have a metallic surface sheen fully or partially covering the colony. Atypical total coliform colonies may appear dark red, mucoid, or nucleated without sheen.
4.2.1. ECU: Talent points to good examples of pink or red total coliform colonies.
4.2.2. ECU: Talent points to sheen on total coliform colony.
4.2.3. ECU: If possible (if any grow), talent points out atypical total coliform colonies that are dark red, mucoid, or nucleated without sheen.

4.3. Colonies that appear blue, white, colorless or pink without sheen are considered non-coliforms, and should not be included in the total coliforms count.
4.3.1. ECU: Talent points to non-coliform colonies that should not be counted.	Comment by Andrew Wilkens: This shot is referenced in the filmed shots on a white piece of paper handwritten in red ink by Doug as “4.4.1”, and I believe that a 2nd take was required in order to reference the proper total coliform plate.

4.4. Fecal coliform colonies will appear as various shades of blue, and these should be counted as a separate category. Non-fecal coliform colonies are typically grey to cream in color, and should also be recorded in an individual category. Finally, fecal enterococci colonies will range from pink to dark red in color and should be counted separately.
4.4.1. ECU: Talent points to blue fecal coliform colonies.	Comment by Andrew Wilkens: This shot is referenced in the filmed shots as “4.4.1A”, as it was filmed subsequent to the shot referenced as “4.4.1”.
4.4.2. ECU: Talent points to non-fecal coliform colonies.
4.4.3. ECU: Talent points to pink to dark red fecal enterococci colonies 

5. Colony Verification

5.1. To verify total coliform colonies, apply a sterilized and cooled inoculating loop to a single colony of interest. Transfer the selected colony into a glass vessel containing lauryl tryptose broth and a Durham tube (TEXT: Select five typical and five atypical morphologies). 
5.1.1. MED: Talent flame-sterilizes an inoculating loop.
5.1.2. CU: Talent picks colony.
5.1.3. MED: Talent transfers to tube with media/Durham tube.

5.2. Next, place the cultures into an incubator (TEXT: 35 °C for 48 h). The presence of turbidity along with gas production captured by the Durham tube verifies the colony as a total coliform.
5.2.1. MED: Talent places cultures in incubator.
5.2.2. MED: Talent removes cultures from incubator.
5.2.3. CU: Tubes, showing turbidity and gas in the Durham tube.

5.3. For fecal coliform verification, aseptically transfer colonies blue in color into glass vessels containing sterile EC medium and a Durham tube. Place the inoculated tubes into an incubator (TEXT: 44.5 °C for 24 h). After incubation, turbid inoculates in conjunction with gas production confirm the colony to be a fecal coliform. 
5.3.1. MED: Talent flame-sterilizes an inoculating loop, picks a fecal coliform colony, and places into media.
5.3.2. MED-over-the-shoulder: Talent places cultures into incubator.
5.3.3. CU: Tubes, showing turbidity and gas in the Durham tube.

5.4. To confirm fecal enterococci, aseptically transfer suspected colonies with the correct morphology onto Brain-Heart Infusion Agar plates, (TEXT: BHIA, 35 °C for 24-48 h) and incubate. Next, transfer growth from an isolated colony on BHIA into a Brain-Heart Infusion Broth tube (TEXT: BHIB), and onto two sterile glass slides. Place the BHIB tube into an incubator (TEXT: 35 °C for 24 h). 
5.4.1. MED: Talent picks colonies of fecal enterococci, places on BHIA.
5.4.2. MED-over-the-shoulder: Talent picks from individual culture, into BHIB tube.
5.4.3. CU: Talent picks from individual colony onto sterile glass slide.
5.4.4. MED: Talent places BHIB tube into incubator.

5.5. Add two to three drops of 3% hydrogen peroxide to one of the glass slides. Rapid gas production indicates a catalase-positive bacterium such as Citrobacter.  Fecal enterococci bacteria are catalase negative; therefore, no bubbling is observed. 
5.5.1. CU: Talent adds hydrogen peroxide to slide; sample without bubbling action observed.	Comment by Andrew Wilkens: Shots 5.51 and 5.5.2 were combined.

5.6. For catalase-negative colonies that don’t display bubbling, perform a Gram stain. As fecal enterococci, these should appear Gram positive, ovoid in shape, and be grouped mostly in pairs or short chains.
5.6.1. CU: Sample with bubbling.
5.6.2. ECU: Gram stain of fecal enterococci.

5.7. After incubation in BHIB, take a sterile loop and transfer a loopful of growth to a plate of bile esculin agar, or BEA, a second sterile loopful to a new tube of BHIB, and a third sterile loopful to BHIB with sodium chloride. Incubate these cultures for 48 hours, at 35, 45, and 35 degrees respectively (TEXT: BEA at 35 °C, BHIB at 45 °C, BHIB w/ 6.5% NaCl 35 °C at 48 h). 
5.7.1. MED: Talent removes BHIB growth culture from incubator.
5.7.2. CU: Talent transfers sterile loopful to BEA.	Comment by Andrew Wilkens: This shot was not performed as we did not have BEA plates available.  We do have them now, and will re-shoot on the 17th.
5.7.3. MED: Talent transfers BHIB loopful to new tube BHIB.
5.7.4. MED: Talent transfers BHIB loopful to new tube BHIB with 6.5% NaCl.
5.7.5. MED-over-the-shoulder: Talent places samples in incubators.

5.8. If these isolates demonstrate growth, they will appear turbid. If these same isolates are also found to be catalase negative and Gram-positive cocci, the bacteria are determined to be members of the fecal streptococcus group.
5.8.1. MED: Talent holds up and examines BEA plate.	Comment by Andrew Wilkens: This shot was not performed as we did not have BEA plates available.  We do have them now, and will re-shoot on the 17th.
5.8.2. CU: Talent examining growth in BHIB media. 
5.8.3. CU: Shot of Gram-stained cocci.	Comment by Andrew Wilkens: This shot will be provided to JoVE as it must be taken with our microscope camera.

5.9. Finding any of these indicator bacteria in a water source indicates the presence of a contamination. If more than 5% of samples are contaminated, the source may be declared unfit for human consumption (TEXT: From the Environmental Protection Agency). Positive results for fecal coliforms, E. coli, or fecal enterococci can signify an acute Maximum Contaminant Level violation, which results in rapid state and public notification as it is considered a direct health risk. Testing frequency and stringency can also vary by number of people served by a water source, by state, or intended water use.
5.9.1. Use stills (4 panel of plate from 6.1.2, 6.3.1, 6.4.1, 6.8.3)
5.9.2. See Storyboard

6. Applications

6.1. Membrane filtration is commonly used in a number of biological applications, and fecal indicator organisms can also be detected by other experimental procedures. Some of these applications are explored here.
6.1.1. Title slide.

6.2. (Lower third: Application #1- Membrane Filtration for Virus Capture) Membrane filtration can also be used in virus capture from water samples. As viruses will typically be present at very low levels, water samples must be concentrated in order to capture them for analysis. Captured viruses can then be released from the filters, and identified using techniques such as cell culture infectivity assays or PCR.
6.2.1. 52131: @ 2:20-2:39 (Placing filter into bottle, flushing with sample).
6.2.2. 52131: @ 6:46-7:03 (Concentrating sea water samples in tube set up).
6.2.3. 52131: @ 7:35-7.50 (Filtering for viruses specifically)

6.3. (Lower third: Application #2- Membrane Filtration for Production of High-Purity Water) Membrane filtration is also utilized in the production of high purity water for industrial or laboratory use. Many industries require highly purified water for their operational processes, and membrane filtration can serve to remove contaminants, including unwanted dissolved metals and salts from water. It can also be used in the desalination of salt water to produce potable water.
6.3.1. MED: B-roll of Milli-Q water filtration unit.
6.3.2. MED: Container being filled from Milli-Q unit.
6.3.3. Still images of desalination?
[bookmark: _GoBack]
7. Summary

7.1. You’ve just watched JoVE’s introduction to identifying indicator organisms in water by membrane filtration. You should now understand how to membrane filter water samples, how to culture several types of fecal indicator bacteria from the membrane, and how to confirm these as indicator organisms. Thanks for watching!
