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I. Introduction

Bacterial vaginosis (BV) is the most prevalent vaginal infection in women of reproductive age, with a point prevalence of 8%–23%.1  Complications associated with BV include preterm delivery, 2 an increased risk of pelvic inflammatory disease, 3 and an increased susceptibility to HIV acquisition and transmission. 4 Current treatment, which usually involves metronidazole drug therapy, has not proved sufficient. Even after apparently successful treatment, there is still over a 50% recurrence rate. 5,6 Despite the rate of recurrence and the prevalence of infection, however, current knowledge of the etiology and pathogenesis of BV is limited. While the initiation factor of BV remains a mystery, it has been associated with three characteristics: a rise in pH (> 4.5), an overgrowth of pathogenic anaerobic bacteria, and a reduction in lactobacilli, the bacteria present in the healthy vagina. Lactobacilli produce lactic acid and hydrogen peroxide, maintaining the low pH of the vagina and, ideally, preventing the BV-associated bacteria from colonizing. If we can characterize how these pathogenic anaerobes can persist to live in the vagina, then perhaps we can develop methods to disrupt their colonization and prevent recurring infections. Of these pathogenic bacteria, Gardnerella vaginalis has been found to be the predominant species. 7,8  However, it does not occur on its own, as there are many other anaerobic bacteria associated with BV, including Atopobium vaginae, Prevotella bivia, and Mobiluncus vaginalis. Of all bacteria identified, only G. vaginalis is known to produce a very resilient biofilm. 7  A biofilm is an adherent community of microorganisms surrounded by a protective slime and complex matrix of polysaccharides, proteins, and/or nucleic acids. 3,10  Some biofilm communities, like dental plaque, involve a very specific succession of bacterial adherence: the later colonizers depend on the earlier colonizers for adherence and growth in an otherwise unsuitable environment. 9  If the community of anaerobes present in BV develops through species succession and G. vaginalis is the initial colonizer, then one might think it would help secondary colonizers adhere and grow in an otherwise unsuitable environment.

My initial hypothesis this summer includes two parts: 1) G. vaginalis is the initial colonizer in bacterial vaginosis, and 2) The G. vaginalis biofilm creates a suitable environment for other BV-associated anaerobes to adhere to the vaginal epithelium and survive in the presence of chemicals present in the vagina, such as oxygen, lactic acid, and hydrogen peroxide.

II. Progress Report

To begin testing this hypothesis, I collected preliminary results from two experiments: an adherence assay and a growth assay. These are two aspects important to the formation of biofilms. The aims of these assays were to test if G. vaginalis, a facultative anaerobe, aided the adherence and growth of other anaerobic bacteria associated with BV. The bacteria used in these experiments with G. vaginalis were the obligate anaerobes Prevotella bivia, Mobiluncus mulieris, and Atopobium vaginae.

Methods: Adherence with Confocal Microscopy


For the adherence assay, the first step was to visualize bacterial adherence to ME180 vaginal epithelial cells (ATCC, Manassas, VA) using confocal laser-scanning microscopy.  The bacteria were stained with a BacLight Green bacterial stain (Invitrogen, Carlsbad, CA) and the epithelial cells were stained with Vibrant Red cell membrane stain (Invitrogen). After staining, the plates were centrifuged to maximize contact between the bacteria and epithelial cells, incubated for 30 minutes at 37°C to allow adherence, and washed with phosphate buffered saline (PBS) to remove the nonadherent bacterial cells. The cells were visualized by confocal microscopy using a Zeiss Multiphoton microscope, excitation wavelengths of 488nm and 541nm and a 63X dipping objective. 

Results:

The qualitative visual results showed that G. vaginalis adhered very well, clumping around the epithelial cells (Figure 1b).  P. bivia and A. vaginae did not adhere as well, as no bacterial cells could be visually detected in the image (Figure 1c & 1d).  Interestingly enough, though, M. mulieris did seem to adhere very strongly as well, as the rod-shaped bacteria also stuck to the epithelial cells (Figure 1e).
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[Figure 1: Adherence of anaerobic bacteria to ME180 vaginal epithelial cells]

Methods: Adherence in Co-Culture and qPCR

The next step of adherence was to test whether the presence of G. vaginalis aided the adherence of the three anaerobes. This assay has been done for both P. bivia and M. mulieris, but not for A. vaginae yet since it was not growing optimally at the time of the experiment. First, ME180 vaginal epithelial cells were grown on 6-well plates. Next, G. vaginalis was centrifuged onto two wells of the epithelial cells and allowed to adhere for 30 minutes at 37°C. Then, an anaerobe was centrifuged on two wells of only epithelial cells as well as the two wells with epithelial cells and G. vaginalis. Another incubation of 30 minutes at 37°C followed, and all wells were then washed with PBS to remove nonadherent bacteria. Measuring relative adherence would be difficult visually via confocal microscopy because the different bacterial species can not be easily distinguished microscopically; thus, quantitative real-time polymerase chain reaction (qPCR) with SYBR Green was used. In regular PCR, DNA template is amplified exponentially. In qPCR, this reaction is also measured after each amplification cycle by monitoring the fluorescence. SYBR Green is a fluorescent dye that binds to double-stranded DNA, and the measure of its fluorescence corresponds to the amount of DNA amplified.  Eventually the DNA amount and fluorescence will reach a threshold after a given number of cycles. This cycle threshold value can be related to the amount of original DNA template. Taking the logarithmic scale into account, these values can help relatively compare DNA samples. To acquire these DNA from the adherence assay, the wells received lysis buffer and were scraped into tubes. The DNA was extracted using the DNeasy Tissue Kit (Qiagen, Valencia, CA). Then, the extracted DNA was analyzed by qPCR in order to determine relative amounts of DNA (i.e. relative amount of adherence).  Species-specific 16s rRNA primers were used to differentiate between bacteria strains, and it was also tested that the primers only amplified the correct bacterial species DNA.

Statistical significance was conducted using an online Student’s t-test (http://www.physics.csbsju.edu/stats/t-test_bulk_form.html).

Results:

There was a nearly 2-fold decrease in the amount of M. mulieris DNA in wells containing both G. vaginalis and M. mulieris vs M. mulieris alone. The data was statistically significant with a p-value of 0.027. Similarly, slightly less than twice as much P. bivia DNA was extracted from the wells of only P. bivia than from the wells with both G. vaginalis and P. bivia. The data was statistically significant with a p-value of 0.022.

Methods: Growth in Anaerobic and Aerobic Conditions

To test if a G. vaginalis biofilm aided growth of other anaerobes associated with BV, the following steps were taken with each of the three anaerobes in both aerobic and anaerobic conditions. First, a G. vaginalis biofilm was grown on a 6-well plate for 24 hours at 37°C. Then the anaerobe culture was added to two wells of the biofilm. At the same time, the anaerobe culture was also added to two wells of an empty 6-well plate. Both plates were allowed to grow at 37°C from 3 to 5 days, and the media was exchanged each day. The plates were centrifuged and washed with PBS. DNA from the wells was extracted for qPCR analysis with the Qiagen DNeasy Kit.  Statistical significance on the qPCR data was conducted using the online Student’s t-test mentioned above.

Results: 


Each anaerobe had different results. In both aerobic and anaerobic conditions, M. mulieris had twice the extracted DNA from the M. mulieris only wells than the wells with the G. vaginalis biofilm and M. mulieris.  More DNA overall was extracted from the anaerobic conditions, but the relative difference of growth was similar in both conditions. This was statistically significant data with p-values of 0.0002 for aerobic and 0.0003 for anaerobic.  

Aerobically, P. bivia had more than twice as much DNA extracted from the biofilm and anaerobe wells than from the only anaerobe wells. In contrast, aerobic conditions yielded 27 times as much DNA from the anaerobe only wells than the biofilm and anaerobe wells (Figure 2). This was statistically significant data with a p-value of 0.0001 for both aerobic and anaerobic.  

The results from the A. vaginae growth assay were not statistically significant, with p-values of 0.44 for aerobic and 0.62 for anaerobic. The error bars were very large, as the data points were variable. The trend of growth was similar to P. bivia, with more DNA with the biofilm aerobically and more DNA with the anaerobe only anaerobically.
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       [Figure 2: P. bivia growth]

III. Academic Year: Goals and Plans

This academic year I will have four aims:

Aim 1: Continued qPCR analysis of growth and adherence assays


Before I left Virginia Commonwealth University (VCU), I extracted DNA from assays and I will be using the qPCR cycler available at Oberlin College through Marta Laskowski to obtain more data for statistical analysis. The Jefferson Lab will FedEx these DNA samples and the species-specific primers for my use at my home academic institution. Since the data gained from this summer were very preliminary, it is necessary to analyze more samples and determine if they support the initial trends seen from this summer.

Aim 2: Correlating colony-forming units with cycle threshold values

In order to correlate numbers of bacteria with qPCR threshold counts for the growth and adherence assays, we plated initial inocula to obtain colony-forming unit (CFU) counts. From the CFU’s, one can extrapolate back to determine how many bacterial cells were initially used and determine if growth occurred or not.  The CFU’s were recorded at VCU and the DNA from these bacterial standards will be shipped to Oberlin. Thus, this school year I will be running qPCR on known inoculations in order to correlate bacterial numbers with a qPCR cycle threshold value. I will do this for each bacterial organism used in the experiments.  With the data from this test, I will be able to convert all of my previous real-time qPCR data into meaningful, quantitative numbers that represent bacterial counts.

Aim 3: Calculate qPCR efficiency

Since much of this project is using qPCR, it is important to test how efficient the primers are in the amplification of the 16SrRNA gene. To do this, I will do serial 2-fold dilutions of DNA template, using the DNA extracted from the CFU-counted bacteria from aim 2. In qPCR, the DNA should double with each cycle. Thus, if there is a 1 cycle increase with each successive dilution, it is at 100% efficiency.  If there is a greater than 1 cycle increase, then there is less than 100% efficiency. If there is less than a 1 cycle increase, then there is a greater than 100% efficiency, meaning there may be non-specific products. The qPCR efficiency calculations will help me determine how reliable my qPCR data are.

Aim 4: Literature search to replicate physiological conditions of the vagina


Even though the adherence and growth assays overall seemed not to support the initial hypothesis, there are still other factors to consider. In other words, the hypothesis that G. vaginalis is an initial colonizer that creates a more suitable environment for anaerobe growth and adherence may be true in other, more physiologically relevant conditions. P. bivia growth and the effect of G. vaginalis on this growth was condition-dependent. It is also important to acknowledge that the assays above were in vitro experiments, and they certainly did not emulate all of the physiological vaginal conditions. To prepare for next summer and the additional adherence and growth assays, I will be conducting a literature search to learn more about vaginal environment, brainstorming ways to replicate it physiologically. One idea is instead of growing the bacteria in their optimal media, brain-heart-infusion with glucose (BHIG), grow them instead in a chemically defined medium (CDM) that simulates genital tract secretions. 11  I would also like to find the oxygen content in the vagina, perhaps an average amount since it probably varies with the menstrual cycle. There are other factors associated with BV that may be replicable in the lab, such as local immune function, loss of lactobacilli, and a rise in pH. One example of replicating the natural vaginal conditions is the continued feeding of the biofilm. Feeding, or removing old media and replacing with new media, removes nonadherent cells similarly to the constant mucus flow over the epithelial wall in the vagina. This article research will not only increase my understanding of the vaginal environment, but also help me brainstorm ways to replicate it in order to conduct assays under more relevant conditions. 

IV. Budget

Possible expenses:

SYBR Green (Quantace, Norwood, MA):  $374.00

FedEx samples: $15.00 per shipment, $45.00 total

Travel to conference, possibly: $900.00 (estimate)
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				20.70		-0.45		-0.74		1.36		-0.48		4.15		0.63		11.31		10.46		9.52		1.65		1.78		1.86		25.88		38.12		10.39		13.65		-1.19		9.14		12.28		10.67		7.11		9.45		3.87		-2.68		-1.54		-0.21		-0.37		-0.46		-5.93		-1.31		-1.34		0.53		-0.46		-2.18		-2.01		-0.20

				21.70		5.19		2.85		6.59		2.59		11.80		7.60		24.88		19.62		19.51		8.61		8.31		9.86		48.15		62.84		25.44		16.42		2.03		14.31		20.15		15.04		10.71		11.58		5.56		2.29		-2.50		0.15		-1.34		0.61		-8.69		-1.30		0.69		0.22		-0.56		0.86		-0.91		0.72

				22.70		17.43		11.33		20.42		12.69		26.51		22.15		49.65		43.07		43.29		20.48		20.07		23.88		88.71		113.73		58.72		27.46		8.19		22.60		31.43		25.12		18.93		17.71		12.74		3.54		-2.37		1.95		0.80		2.14		-10.72		0.54		4.85		3.82		1.34		2.99		0.97		1.67

				23.70		37.26		21.47		41.61		30.51		58.75		51.19		90.79		75.34		78.97		45.04		44.01		51.20		154.73		190.26		100.55		41.22		19.46		34.84		45.02		32.92		23.89		25.84		21.68		13.98		-4.85		1.94		-1.34		1.47		-14.99		-0.93		6.80		5.80		2.50		4.39		2.40		5.15

				24.70		74.89		45.65		84.10		65.94		118.72		108.47		166.16		140.15		147.18		92.72		90.09		107.49		268.06		338.37		190.93		72.28		46.81		68.80		72.50		54.42		42.85		50.74		48.51		36.66		-7.45		4.77		1.26		3.33		-17.38		2.89		12.76		13.53		11.37		11.28		8.33		13.01

				25.70		143.41		87.89		157.32		128.08		220.69		202.43		291.76		242.53		257.65		172.09		166.10		203.05		462.01		567.35		325.56		104.13		86.40		108.01		116.85		78.19		60.82		71.35		75.91		65.19		-2.71		5.55		-0.17		5.09		-21.30		0.61		24.67		25.60		17.45		20.64		16.70		20.52

				26.70		272.83		174.72		304.47		265.44		450.74		424.52		529.73		446.07		477.69		348.95		339.61		410.25		811.38		970.42		584.28		211.26		214.01		226.32		216.95		158.13		129.05		144.00		173.77		182.65		12.13		23.53		14.65		18.88		-13.09		14.55		58.95		60.34		51.96		53.71		47.91		55.81

				27.70		487.69		321.58		545.45		494.55		813.63		767.66		891.03		768.08		826.92		639.94		616.06		742.11		1279.96		1497.54		919.42		382.01		399.34		406.49		375.77		276.94		237.32		268.73		317.02		320.71		37.67		46.44		33.30		38.87		-3.31		32.10		115.03		116.62		99.81		102.84		92.99		109.43

				28.70		831.86		573.22		937.14		898.28		1397.72		1325.18		1410.49		1240.98		1346.31		1138.09		1084.87		1297.01		1814.48		2013.90		1296.65		691.18		739.13		742.32		642.01		491.23		428.78		501.72		589.00		582.31		83.98		92.17		71.90		78.10		17.28		68.15		222.42		226.96		194.48		198.62		177.66		208.73

				29.70		1314.73		969.83		1501.13		1501.91		2142.95		2050.90		1920.31		1800.64		1967.65		1883.33		1768.68		2067.46		2285.07		2471.49		1592.46		1172.59		1269.42		1247.09		1030.56		836.71		745.64		886.93		1024.51		1002.18		173.62		175.03		143.66		149.31		60.67		135.72		421.19		425.60		370.43		372.67		334.65		393.61

				30.70		1859.86		1542.69		2067.53		2215.12		2821.09		2720.89		2386.44		2322.63		2541.66		2619.44		2436.61		2799.37		2669.02		2812.29		1787.91		1777.84		1948.09		1876.67		1495.66		1305.63		1199.20		1468.84		1646.78		1560.52		335.06		325.41		275.54		274.71		138.40		256.34		758.17		763.54		668.68		671.20		599.96		705.53

				31.70		2350.64		2112.59		2590.76		2848.10		3361.51		3258.35		2768.11		2764.64		3025.99		3264.19		3014.39		3414.09		2957.42		3031.96		1907.66		2325.40		2584.38		2451.69		1937.77		1871.78		1762.89		2143.64		2252.80		2121.03		637.19		614.01		527.89		522.56		299.21		488.59		1325.05		1314.84		1182.49		1174.03		1064.41		1232.56

				32.70		2731.50		2619.70		2985.01		3334.26		3728.65		3631.93		3039.96		3081.33		3376.57		3726.87		3428.05		3854.15		3154.54		3157.00		1981.19		2762.05		3112.42		2927.20		2307.77		2381.62		2261.09		2734.03		2777.77		2617.89		1118.65		1100.22		966.14		934.44		578.03		894.84		2102.83		2013.88		1907.05		1835.50		1732.24		1932.55

				33.70		2988.24		2997.41		3248.82		3643.19		3945.80		3858.06		3222.09		3279.78		3602.47		4011.91		3677.98		4131.30		3273.88		3226.42		2021.57		3045.08		3481.48		3259.93		2577.57		2774.30		2641.17		3170.40		3142.41		2970.61		1729.97		1812.77		1676.14		1578.01		998.52		1511.59		2847.30		2653.30		2602.49		2441.56		2366.23		2577.82

				34.70		3148.93		3254.94		3413.78		3824.44		4069.33		3987.07		3330.19		3392.36		3734.10		4174.59		3824.75		4308.98		3342.99		3265.57		2044.11		3213.68		3725.70		3473.00		2759.95		3031.83		2883.86		3450.77		3365.69		3187.20		2301.00		2538.29		2430.40		2244.37		1545.54		2271.68		3467.46		3166.98		3193.73		2934.97		2905.02		3105.09

				35.70		3247.71		3429.05		3517.15		3932.06		4139.97		4060.56		3396.46		3462.77		3811.75		4274.71		3911.72		4420.87		3385.99		3288.77		2056.44		3310.09		3888.17		3591.48		2881.30		3172.28		3027.14		3612.23		3495.39		3313.74		2767.20		3165.49		3136.29		2864.14		2026.30		2950.15		3879.35		3510.05		3604.22		3269.16		3286.48		3466.92

				36.70		3311.24		3550.85		3583.11		3994.04		4182.51		4096.17		3436.75		3504.70		3860.35		4331.57		3967.16		4489.27		3412.76		3300.38		2065.47		3372.10		3988.19		3657.51		2962.19		3252.81		3113.97		3712.95		3569.70		3381.60		3092.83		3590.18		3653.07		3343.91		2379.39		3476.37		4091.98		3710.42		3843.95		3471.19		3524.68		3690.33

				37.70		3350.35		3631.61		3619.32		4029.60		4208.79		4120.73		3458.12		3530.54		3886.09		4365.78		3997.10		4522.82		3426.25		3301.73		2066.63		3402.70		4043.05		3686.55		3017.19		3293.58		3162.79		3762.19		3604.15		3418.53		3291.59		3801.74		3944.87		3647.92		2559.74		3808.44		4186.97		3814.64		3969.72		3588.60		3664.44		3819.16

				38.70		3385.64		3695.16		3657.28		4053.87		4229.55		4141.46		3481.84		3552.61		3907.05		4387.09		4020.04		4544.25		3444.66		3306.96		2072.61		3425.92		4078.80		3705.33		3070.16		3326.14		3198.22		3798.37		3627.64		3446.52		3418.97		3904.88		4095.47		3830.24		2645.82		4000.72		4239.94		3878.14		4042.76		3666.47		3756.89		3902.05

				39.70		3419.06		3751.01		3697.65		4078.14		4247.85		4162.74		3506.06		3579.83		3928.01		4405.90		4040.92		4562.04		3467.32		3316.98		2082.35		3453.19		4111.08		3723.63		3124.37		3354.16		3229.97		3832.97		3652.52		3470.76		3509.64		3970.53		4191.79		3944.54		2699.03		4123.83		4282.09		3923.97		4095.13		3729.37		3831.21		3965.78





Av Growth

		Av only             GvAv                                   Av only                GvAv		Av only             GvAv                                   Av only                GvAv		Av only             GvAv                                   Av only                GvAv		Av only             GvAv                                   Av only                GvAv		Av only             GvAv                                   Av only                GvAv		0.2127449		0.2127449		0.6390228919		0.6390228919		0.3810693244		0.3810693244		0.2750864823		0.2750864823



Av aerobic

GvAv aerobic

Av anaerobic

GvAv anaerobic

Aerobic                                           Anaerobic

Relative amount of DNA

Growth Assay: aerobic and anaerobic growth of A. vaginae with and without a G. vaginalis biofilm

0.4938864

0.7171364638

0.9366427665

0.8381534232



Mm Growth

		Mm  only              GvMm                                Mm  only           GvMm		Mm  only              GvMm                                Mm  only           GvMm		Mm  only              GvMm                                Mm  only           GvMm		Mm  only              GvMm                                Mm  only           GvMm		Mm  only              GvMm                                Mm  only           GvMm		0.10816199		0.10816199		0.0436493454		0.0436493454		0.1456589173		0.1456589173		0.1091653772		0.1091653772



Mm aerobic

GvMm aerobic

Mm anaerobic

GvMm anaerobic

Aerobic                                                      Anaerobic

Relative amount of DNA

Growth Assay: aerobic and anaerobic growth of M. mulieris with and without a G. vaginalis biofilm

0.5136835202

0.2384314448

0.885347482

0.4814420563



Pb Growth

		Pb only            GvPb                                             Pb only          GvPb		Pb only            GvPb                                             Pb only          GvPb		Pb only            GvPb                                             Pb only          GvPb		Pb only            GvPb                                             Pb only          GvPb		Pb only            GvPb                                             Pb only          GvPb		0.0056051439		0.0056051439		0.0077272191		0.0077272191		0.0432517757		0.0432517757		0.0064742132		0.0064742132



Pb aerobic

GvPv aerobic

Pb anaerobic

GvPb anaerobic

Aerobic                                                              Anaerobic

Relative amount of DNA

Growth Assay: aerobic and anaerobic growth of P. bivia with and without a G. vaginalis biofilm

0.023276334

0.0655661939

0.375804345

0.0138857027



Standard Curve_ Ct Results

				Well		Fluor		Type		Identifier		Replicate #		Threshold Cycle (Ct)		Ct Mean		Ct Std. Dev		Starting Quantity (SQ)		Log Starting Quantity		SQ Mean		SQ Std. Dev.		Set Point

				A01		SYBR		Unkn		AV1 aerobic		1		28.13		28.31		0.488		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				Av only             GvAv                                   Av only                GvAv														Mm  only              GvMm                                Mm  only           GvMm																Pb only            GvPb                                             Pb only          GvPb

				A02		SYBR		Unkn		AV1 aerobic		1		28.86		28.31		0.488		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				Av aerobic		0.4938864		0.2127449										Mm aerobic		0.5136835202		0.10816199														Pb aerobic		0.023276334		0.0056051439

				A03		SYBR		Unkn		AV1 aerobic		1		27.93		28.31		0.488		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				GvAv aerobic		0.7171364638		0.6390228919										GvMm aerobic		0.2384314448		0.0436493454														GvPv aerobic		0.0655661939		0.0077272191

				A07		SYBR		Unkn		MM1 aerobic		17		28.05		27.53		0.457		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				A08		SYBR		Unkn		MM1 aerobic		17		27.21		27.53		0.457		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				Av anaerobic		0.9366427665		0.3810693244										Mm anaerobic		0.885347482		0.1456589173														Pb anaerobic		0.375804345		0.0432517757

				A09		SYBR		Unkn		MM1 aerobic		17		27.32		27.53		0.457		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				GvAv anaerobic		0.8381534232		0.2750864823										GvMm anaerobic		0.4814420563		0.1091653772														GvPb anaerobic		0.0138857027		0.0064742132

				B01		SYBR		Unkn		AV2 aerobic		2		26.99		27.15		0.148		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				B02		SYBR		Unkn		AV2 aerobic		2		27.29		27.15		0.148		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				B03		SYBR		Unkn		AV2 aerobic		2		27.15		27.15		0.148		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				B07		SYBR		Unkn		MM2 aerobic		18		27.69		27.60		0.195		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				B08		SYBR		Unkn		MM2 aerobic		18		27.74		27.60		0.195		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				B09		SYBR		Unkn		MM2 aerobic		18		27.38		27.60		0.195		0.000E+00		-∞		0.00E+00		0.00E+00		N/A								each organism, aerobic and anaerobic

				C01		SYBR		Unkn		GVAV1 aerobic		3		26.20		26.31		0.501		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				C02		SYBR		Unkn		GVAV1 aerobic		3		25.87		26.31		0.501		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				C03		SYBR		Unkn		GVAV1 aerobic		3		26.85		26.31		0.501		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				AV1 aerobic		1		28.13		28.31				0.3401423046						MM1 aerobic		17		28.05		27.53				0.359686459						PB1 aerobic		9		31.70		31.80				0.0287364384

				C07		SYBR		Unkn		GVMM1 aerobic		19		28.52		28.43		0.076		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				AV1 aerobic		1		28.86		28.31				0.2054527484						MM1 aerobic		17		27.21		27.53				0.6437745647						PB1 aerobic		9		31.75		31.80				0.0277761554

				C08		SYBR		Unkn		GVMM1 aerobic		19		28.40		28.43		0.076		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				AV1 aerobic		1		27.93		28.31				0.3906598165						MM1 aerobic		17		27.32		27.53				0.5982480181						PB1 aerobic		9		31.95		31.80				0.0241557483

				C09		SYBR		Unkn		GVMM1 aerobic		19		28.38		28.43		0.076		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				AV2 aerobic		2		26.99		27.15				0.7479398997						MM2 aerobic		18		27.69		27.60				0.4628443584						PB2 aerobic		10		31.98		32.29				0.023679222

				D01		SYBR		Unkn		GVAV2 aerobic		4		28.68		29.05		0.343		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				AV2 aerobic		2		27.29		27.15				0.6093184017						MM2 aerobic		18		27.74		27.60				0.4452430747						PB2 aerobic		10		32.84		32.29				0.0130239393

				D02		SYBR		Unkn		GVAV2 aerobic		4		29.12		29.05		0.343		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				AV2 aerobic		2		27.15		27.15				0.6698050357						MM2 aerobic		18		27.38		27.60				0.5723046461						PB2 aerobic		10		32.06		32.29				0.0222865005

				D03		SYBR		Unkn		GVAV2 aerobic		4		29.35		29.05		0.343		0.000E+00		-∞		0.00E+00		0.00E+00		N/A														0.4938863678		0.2127449365														0.5136835202		0.10816199														0.023276334		0.0056051439

				D07		SYBR		Unkn		GVMM2 aerobic		20		29.05		28.90		0.134		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				D08		SYBR		Unkn		GVMM2 aerobic		20		28.81		28.90		0.134		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				GVAV1 aerobic		3		26.20		26.31				1.2987398688						GVMM1 aerobic		19		28.52		28.43				0.2594572568						GVPB1 aerobic		12		30.58		30.61				0.0621973964

				D09		SYBR		Unkn		GVMM2 aerobic		20		28.83		28.90		0.134		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				GVAV1 aerobic		3		25.87		26.31				1.6299731088						GVMM1 aerobic		19		28.40		28.43				0.2829530723						GVPB1 aerobic		12		30.78		30.61				0.054319515

				E01		SYBR		Unkn		PB1 aerobic		9		31.70		31.80		0.133		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				GVAV1 aerobic		3		26.85		26.31				0.8240491935						GVMM1 aerobic		19		28.38		28.43				0.2855275181						GVPB1 aerobic		12		30.48		30.61				0.0668934378

				E02		SYBR		Unkn		PB1 aerobic		9		31.75		31.80		0.133		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				GVAV2 aerobic		4		28.68		29.05				0.2328744039						GVMM2 aerobic		20		29.05		28.90				0.1800630921						GVPb2 aerobic		11		30.34		30.42				0.0736920491

				E03		SYBR		Unkn		PB1 aerobic		9		31.95		31.80		0.133		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				GVAV2 aerobic		4		29.12		29.05				0.1714773009						GVMM2 aerobic		20		28.81		28.90				0.2127542463						GVPb2 aerobic		11		30.32		30.42				0.0744559807

				F01		SYBR		Unkn		PB2 aerobic		10		31.98		32.29		0.475		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				GVAV2 aerobic		4		29.35		29.05				0.1457049069						GVMM2 aerobic		20		28.83		28.90				0.2098334829						GVPb2 aerobic		11		30.59		30.42				0.0618387842

				F02		SYBR		Unkn		PB2 aerobic		10		32.84		32.29		0.475		0.000E+00		-∞		0.00E+00		0.00E+00		N/A														0.7171364638		0.6390228919														0.2384314448		0.0436493454														0.0655661939		0.0077272191

				F03		SYBR		Unkn		PB2 aerobic		10		32.06		32.29		0.475		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				G01		SYBR		Unkn		GVPb2 aerobic		11		30.34		30.42		0.151		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				ANAEROBIC

				G02		SYBR		Unkn		GVPb2 aerobic		11		30.32		30.42		0.151		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				G03		SYBR		Unkn		GVPb2 aerobic		11		30.59		30.42		0.151		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				AV1 anaerobic		5		27.42		27.28				0.5568964815						MM1 anaerobic		21		26.93		26.93				0.7807375845						Pb1 anaerobic		13		28.19		28.13				0.3270179486

				H01		SYBR		Unkn		GVPB1 aerobic		12		30.58		30.61		0.152		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				AV1 anaerobic		5		26.94		27.28				0.7740178028						MM1 anaerobic		21		26.71		26.93				0.9096253182						Pb1 anaerobic		13		28.14		28.13				0.3375157281

				H02		SYBR		Unkn		GVPB1 aerobic		12		30.78		30.61		0.152		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				AV1 anaerobic		5		27.46		27.28				0.5407710641						MM1 anaerobic		21		27.15		26.93				0.6716129833						Pb1 anaerobic		13		28.07		28.13				0.3555985504

				H03		SYBR		Unkn		GVPB1 aerobic		12		30.48		30.61		0.152		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				AV2 anaerobic		6		26.03		26.27				1.4609429896						MM2 anaerobic		22		26.78		26.60				0.867781825						PB2 anaerobic		14		27.90		27.86				0.3980481177

				A04		SYBR1		Unkn		AV1 anaerobic		5		27.42		27.28		0.287		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				AV2 anaerobic		6		26.57		26.27				1.0055279065						MM2 anaerobic		22		26.52		26.60				1.0402554585						PB2 anaerobic		14		27.91		27.86				0.3960884112

				A05		SYBR1		Unkn		AV1 anaerobic		5		26.94		27.28		0.287		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				AV2 anaerobic		6		26.22		26.27				1.2817003545						MM2 anaerobic		22		26.52		26.60				1.0420717225						PB2 anaerobic		14		27.76		27.86				0.4405573137

				A06		SYBR1		Unkn		AV1 anaerobic		5		27.46		27.28		0.287		0.000E+00		-∞		0.00E+00		0.00E+00		N/A														0.9366427665		0.3810693244														0.885347482		0.1456589173														0.375804345		0.0432517757

				A10		SYBR1		Unkn		MM1 anaerobic		21		26.93		26.93		0.219		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				A11		SYBR1		Unkn		MM1 anaerobic		21		26.71		26.93		0.219		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				GVAV1 anaerobic		7		26.95		26.71				0.7699218391						GVmm1 anaerobic		23		27.61		27.49				0.4897146205						GVPB1 anaerobic		15		33.42		33.54				0.0087271841

				A12		SYBR1		Unkn		MM1 anaerobic		21		27.15		26.93		0.219		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				GVAV1 anaerobic		7		27.04		26.71				0.7244509485						GVmm1 anaerobic		23		27.71		27.49				0.4550764684						GVPB1 anaerobic		15		33.42		33.54				0.0087265445

				B04		SYBR1		Unkn		AV2 anaerobic		6		26.03		26.27		0.273		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				GVAV1 anaerobic		7		26.14		26.71				1.3538565041						GVmm1 anaerobic		23		27.15		27.49				0.6717959114						GVPB1 anaerobic		15		33.80		33.54				0.0066735886

				B05		SYBR1		Unkn		AV2 anaerobic		6		26.57		26.27		0.273		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				GVAV2 anaerobic		8		27.19		27.06				0.6533442835						GVmm2 anaerobic		24		27.54		27.83				0.5117505684						GVPB2 anaerobic		16		32.17		32.24				0.0206815815

				B06		SYBR1		Unkn		AV2 anaerobic		6		26.22		26.27		0.273		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				GVAV2 anaerobic		8		26.69		27.06				0.9211226054						GVmm2 anaerobic		24		28.06		27.83				0.356163085						GVPB2 anaerobic		16		32.31		32.24				0.0187316202

				B10		SYBR1		Unkn		MM2 anaerobic		22		26.78		26.60		0.152		0.000E+00		-∞		0.00E+00		0.00E+00		N/A				GVAV2 anaerobic		8		27.30		27.06				0.6062243584						GVmm2 anaerobic		24		27.88		27.83				0.4041516842						GVPB2 anaerobic		16		32.24		32.24				0.0197736974

				B11		SYBR1		Unkn		MM2 anaerobic		22		26.52		26.60		0.152		0.000E+00		-∞		0.00E+00		0.00E+00		N/A														0.8381534232		0.2750864823														0.4814420563		0.1091653772														0.0138857027		0.0064742132

				B12		SYBR1		Unkn		MM2 anaerobic		22		26.52		26.60		0.152		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				C04		SYBR1		Unkn		GVAV1 anaerobic		7		26.95		26.71		0.497		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				C05		SYBR1		Unkn		GVAV1 anaerobic		7		27.04		26.71		0.497		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				C06		SYBR1		Unkn		GVAV1 anaerobic		7		26.14		26.71		0.497		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				C10		SYBR1		Unkn		GVmm1 anaerobic		23		27.61		27.49		0.299		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				C11		SYBR1		Unkn		GVmm1 anaerobic		23		27.71		27.49		0.299		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				C12		SYBR1		Unkn		GVmm1 anaerobic		23		27.15		27.49		0.299		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				D04		SYBR1		Unkn		GVAV2 anaerobic		8		27.19		27.06		0.322		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				D05		SYBR1		Unkn		GVAV2 anaerobic		8		26.69		27.06		0.322		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				D06		SYBR1		Unkn		GVAV2 anaerobic		8		27.30		27.06		0.322		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				D10		SYBR1		Unkn		GVmm2 anaerobic		24		27.54		27.83		0.265		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				D11		SYBR1		Unkn		GVmm2 anaerobic		24		28.06		27.83		0.265		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				D12		SYBR1		Unkn		GVmm2 anaerobic		24		27.88		27.83		0.265		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				E04		SYBR1		Unkn		Pb1 anaerobic		13		28.19		28.13		0.061		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				E05		SYBR1		Unkn		Pb1 anaerobic		13		28.14		28.13		0.061		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				E06		SYBR1		Unkn		Pb1 anaerobic		13		28.07		28.13		0.061		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				F04		SYBR1		Unkn		PB2 anaerobic		14		27.90		27.86		0.087		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				F05		SYBR1		Unkn		PB2 anaerobic		14		27.91		27.86		0.087		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				F06		SYBR1		Unkn		PB2 anaerobic		14		27.76		27.86		0.087		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				G04		SYBR1		Unkn		GVPB1 anaerobic		15		33.42		33.54		0.223		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				G05		SYBR1		Unkn		GVPB1 anaerobic		15		33.42		33.54		0.223		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				G06		SYBR1		Unkn		GVPB1 anaerobic		15		33.80		33.54		0.223		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				H04		SYBR1		Unkn		GVPB2 anaerobic		16		32.17		32.24		0.072		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				H05		SYBR1		Unkn		GVPB2 anaerobic		16		32.31		32.24		0.072		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				H06		SYBR1		Unkn		GVPB2 anaerobic		16		32.24		32.24		0.072		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				F08		SYBR4		NTC		NTC AV		1		N/A		00.00		N/A		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				G08		SYBR4		NTC		NTC PB		2		31.54		31.54		N/A		0.000E+00		-∞		0.00E+00		0.00E+00		N/A

				H08		SYBR4		NTC		NTC MM		3		N/A		00.00		N/A		0.000E+00		-∞		0.00E+00		0.00E+00		N/A






