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MEASUREMENT OF YEAST PERCENTAGE VIABILITY WITH MICROCYTETM FLOW CYTOMETER
Executive Summary
The Microcyte instrument and Methylene Blue staining method for the determination of yeast cell viability (BRYC 32) have been compared at an approximate total cell count (for the Microcyte samples) of 1x106 cells ml-1.  

There was generally good agreement between the yeast viabilities determined with the Microcyte instrument and with methylene blue staining.  There was some inaccuracy observed at the higher end of the viability range, which was attributed to suspected previous contamination of the Microcyte staining buffer.  The ability of the Microcyte instrument to determine the total yeast cell count appeared to be more accurate than methylene blue staining method.  The linearity and reproducibility of the Microcyte instrument were found to be excellent.

In summary, the Microcyte instrument is an extremely useful tool for rapid determination of yeast viability and total cell count.

Introduction 

Biodetect and Bioprocessing Engineering manufacture the Microcyte flow cytometer for rapid enumeration and viability testing of microbial populations.  These companies are interested in applying this technology to yeast cell analysis in breweries. Following on from preliminary work at BRi, Biodetect are interested in improving on the percentage viability measurements. Such data would be extremely useful for demonstrating the efficacy of the Microcyte instrument. 

Scope of work statement

This work will focus on correlating the percent yeast viability as measured by the Microcyte flow cytometer and the traditional method of methylene blue staining with microscopy.  It is intended to use a total yeast cell concentration of 1*106 (which the client states is the optimal concentration for measurement with the Microcyte instrument).  No other total cell concentrations will be tested.  The percent viability experiments will test appropriately mixed ratios of i) a healthy yeast preparation and ii) a fixed yeast preparation, in order to obtain samples with a range of percentage viabilities.  The fixed sample will be prepared by subjecting a portion of the healthy yeast sample to 100% ethanol.  It is proposed to measure six separate viabilities (covering a suitably wide range).  Each viability level will be measured in triplicate, thus giving 18 individual measurements per measurement method (i.e. Microcyte or Methylene blue staining with microscopy).

The deliverables
· Correlation of Microcyte flow cytometer measurement and traditional Methylene blue staining method for percent viability measurements at 1*106 total cell ml-1 concentration (with error indications).
Experimental methods

Lager yeast (BRYC 32) was propagated aerobically (shaken at 150rpm) to 100ml volume using standard lager wort (16oPlato).  Yeast was centrifuged at 5000 rpm for 5 minutes and the pellet resuspended in phosphate buffered saline.  A viability determination with methylene blue established the total cell concentration of the resuspended culture.  This yeast stock was subsequently diluted to 1x107 total cells ml-1 using phosphate buffered saline.  A 100ml volume of the diluted suspension was incubated with 100% ethanol for 15 minutes in order to prepare a 0% viable suspension (methylene blue staining confirmed that all cells were dead).  Dilutions were prepared using the live and dead yeast stocks to create six separate yeast suspensions: 10%, 25%, 40%, 55%, 70%, 85% (a sample of the undiluted live culture was also measured free of charge).  A viability measurement using both methylene blue staining (and a microscope) and the Microcyte instrument was conducted in triplicate for each of the above yeast suspensions.  For Microcyte viability determinations, all yeast suspensions were additionally diluted 10-fold (this has no effect on viability) in order to reach the required total cell count of ~1x106 cells ml-1 as stated in the scope of work.  For the corresponding methylene blue determinations, all total cell counts equalled 1x107 cells ml-1 (this was because a total cell count of 1x106 cells ml-1 was too dilute to measure using methylene blue staining method).  In summary, both viability measurements used the same diluted yeast suspensions, however, a further 10-fold dilution was applied to all Microcyte determinations.  

Results / Discussions / Findings
A comparison of the determined yeast viabilities for each yeast suspension using the Microcyte instrument and the traditional Methylene blue method is shown in Figure 1.

[image: image1.wmf]Figure 1: Comparison of the Microcyte and Methylene Blue methods for the determination of percentage viability of the lager yeast BRYC 32.  The dotted line is equal to y=x.  The correlation coefficient relates to the solid line that has been fitted to the experimental data.

Figure 1 indicates that the linearity and reproducibility (error bars on Figure 1 equal standard deviations of three separate measurements of each suspension) of both methods is excellent.  Additionally, the measurements at the lower end of the viability range are in closer agreement between the methods than at higher ends of the range.  At the higher end of the range the Methylene blue method is closer to the calculated viability based on the dilution of the propagated yeast stock solution.  In other words, it appears that the Microcyte instrument slightly under-predicts the yeast viability, since it is further from the viability values that were expected based on dilution.  

It was beyond the remit of this investigation to further explore in detail why Microcyte viabilities were lower than expected, however, two possible reasons could be I) interference from trub and/or ii) problem with the staining solutions.  Despite the fact that the yeast stock was propagated in brewer's wort, it is unlikely that 'trub' content would be a serious issue in these samples, as any 'trub' present would have been diluted approximately 22-220-fold (depending on viability sample) from the propagated yeast culture.  Therefore, the likely cause of the lower viability predictions of the Microcyte instrument (especially at high viabilities) may be due to a problem with the staining buffer used in the tests.  Upon further investigation it was discovered that the staining buffer, when measured in a cell free environment, produced a significant fluorescence signal on the instrument.  This effect may have caused inaccuracy in the high viability (low fluorescence signal) samples and resulted in the deviation shown in Figure 1.  Furthermore, if this is the cause of the deviation then it can clearly easily be rectified (via use of fresh staining buffer for instance), and therefore taking this into account the measurements taken from the Microcyte are very promising indeed.

The data in Table 1 shows the total cell counts of each of the Microcyte samples measured to yield the data in Figure 1.  For the Microcyte samples, these total cell counts approximate to 1x106 cells ml-1 with good reproducibility.  As mentioned above, each methylene blue stained sample had to be analysed at a 10x greater concentration than the sample measured on the Microcyte instrument to enable physical measurement using methylene blue staining.  In summary, it appears that the Microcyte determined total cell counts are closer ~1x106 cells ml-1, indicating enhanced accuracy over the traditional methylene blue method a this total cell count.  

	"Calculated"

Viability sample for reference
	MeBlue determined

Mean total count

(cellsml-1)
	MeBlue

Std Dev

(cellsml-1)
	Microcyte determined

Mean total count

(cellsml-1)
	Microcyte

Std Dev

(cellsml-1)

	"10%"
	7.17E+05
	8.85E+04
	9.21E+05
	3.07E+04

	"25%"
	6.86E+05
	3.55E+04
	8.43E+05
	3.66E+04

	"40%"
	9.09E+05
	8.79E+04
	8.34E+05
	2.62E+04

	"55%"
	8.52E+05
	2.48E+04
	8.34E+05
	1.79E+04

	"70%"
	6.04E+05
	1.51E+05
	9.55E+05
	1.60E+04

	"85%"
	3.08E+05
	9.58E+04
	9.36E+05
	6.10E+04

	"99.4"
	9.92E+05
	5.92E+04
	1.24E+06
	2.68E+05


Table 1: Comparison of mean total cell counts determined using traditional Methylene Blue and Microcyte methods for each viability sample.  The target count for the Microcyte instrument was ~1x106 cells ml-1.  For comparison purposes, all Methylene blue counts in Table 1 have been multiplied by a factor of 0.1 to account for fact that all Microcyte samples were diluted 10x (i.e. to obtain the ~1x106 cells ml-1 total cell count) prior to measurement.
Conclusion
The Microcyte instrument and Methylene Blue staining method for the determination of yeast cell viability have been compared at the required total cell count of 1x106 cells ml-1.  The linearity and reproducibility of the Microcyte instrument were excellent.  The ability of the Microcyte instrument to determine the total yeast cell count appeared to be more accurate than methylene blue staining method.  There was generally good agreement between the yeast viabilities (range 10-100%) determined with the Microcyte and with methylene blue staining.  However, it was observed that the determined Microcyte viabilities were lower than expected (based on calculated dilutions of the yeast stock sample) and this was most likely due to a suspected contamination in the Microcyte staining buffer.  In summary, the Microcyte instrument is extremely useful for quick determination of yeast viability and total cell count.

Recommendations

i) If the effect of particulate matter (i.e. precipitated proteinaceous material) present in the surrounding medium affects the Microcyte signal, then further work could quantify the effect of this material on the Microcyte signal and possibly offer ways of minimising these effects.  Successful strategies for minimising trub content (i.e. selective pre-filtration step? or differential centrifugation? subtraction of background signal?) could be incorporated into protocols, if needed.  

ii) Yeast has a tendency to flocculate at the end of fermentation.  This is a stress-related response owing to the high ethanol and low substrate concentrations.  Flocculated cells may be treated as single cells, leading to artificially low viability counts and thus inaccurate viability determination.  If this is a problem, possible ways for reducing flocculation (i.e. proteinase treatment, sugar additions) could be incorporated into the Microcyte protocol for yeast analysis.  

iii) Are there any plans to develop the Microcyte instrument as an on-line flow cytometer device?  This would be beneficial to brewers since it would allow instant control of inoculum lines prior to fermentation and improved control of the fermentation process.  BRi would be very interested in collaborating on such a project.

iv) The Microcyte instrument could be used to monitor a fermentation either at small-scale (1 litre) and/or pilot scale (100 L).  The results obtained with the Microcyte would be compared with methylene blue staining (and/or fluorescence microscopy - a more accurate method).  This test is strongly recommended since the yeast will respond to changes in the chemical composition of the surrounding medium during the fermentation (see point (ii) above).

