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An improved method for screening alpha-acetolactate producing mutants

Lactococcus lactis ssp. lactis biovar. diacetylactis strains are used in the dairy industry for their ability to produce diacetyl, a major flavour compound in several cultured dairy products. When -acetolactate decarboxylase-deficient strains are used, large amounts of -acetolactate accumulate in the culture medium [START_REF] Hugenholtz | Diacetyl production by different strains of Lactococcus lactis subsp. lactis var. diacetylactis and Leuconostoc spp[END_REF] [START_REF] Monnet | Diacetyl production in milk by an -acetolactic acid accumulating strain of Lactococcus lactis ssp. lactis biovar. diacetylactis[END_REF]. This compound is unstable, and its spontaneous decarboxylation may be oxidative, forming diacetyl, or non-oxidative, forming acetoin [START_REF] De Man | The formation of diacetyl and acetoin from -acetolactic acid[END_REF]. -Acetolactate-producing Lactococcus lactis ssp. lactis biovar. diacetylactis are used in butter-making processes [START_REF] Veringa | An alternative method for the production of cultured butter[END_REF] and for the production of aroma additives with a high -acetolactate [START_REF] Kuiper | Aroma composition, the use thereof and the process for the preparation thereof[END_REF] or diacetyl [START_REF] Jönsson | Production and use of starter distillate for flavouring butter[END_REF] content. It is not clear whether one unique strain is functioning in the above-mentioned processes or whether distinct strains are involved. Because of the sensitivity of lactococci to phages, it is interesting to have several -acetolactate decarboxylase-deficient strains available. Furthermore, selecting -acetolactate decarboxylase-negative mutants from parent strains having attractive technological properties, such as a high acidification activity, would be useful.

Monnet et al. [START_REF] Monnet | Development and use of a screening procedure for production of -acetolactate by Lactococcus lactis subsp. lactis biovar diacetylactis strains[END_REF] described a method to inactivate -acetolactate decarboxylase activity using random mutagenesis followed by screening of -acetolactate-producing colonies on agar plates. The screening method is based on the detection of diacetyl converted into intensively red-coloured ammonoferrous dimethylglyoximate. This method was applied to Lactococcus lactis ssp. lactis biovar. diacetylactis [START_REF] Monnet | Development and use of a screening procedure for production of -acetolactate by Lactococcus lactis subsp. lactis biovar diacetylactis strains[END_REF] and Lactobacillus rhamnosus [START_REF] Monnet | Selection and properties of Lactobacillus mutants producing acetolactate[END_REF] strains. However, because of -acetolactate and diacetyl diffusion around the colonies, and interference due to certain culture medium components, no more than 60 colonies could be screened per agar plate (9 cm in diameter). As the mutation rate is as low as 0.02% for some strains, one has to examine about 200 agar plates to be sure to isolate a single mutant. In the present article, we describe an improvement of this screening method, allowing screening up to 1000 colonies per agar plate.

In the improved method, the colonies are recovered on a filter paper disc, and -acetolactate is produced by the cells in a subsequent stage, after addition of an agar overlay containing pyruvate, citrate and glucose. The detailed procedure is described hereafter.

Screening method.

A suspension of Lactococcus lactis ssp. lactis biovar. diacetylactis cells was spread onto the surface of a modified M17 agar medium [START_REF] Terzaghi | Improved medium for lactic streptococci and their bacteriophages[END_REF] in which lactose was replaced by glucose (20 g/l), in 14-cm diameter petri dishes. The plates were incubated for 2 days at 30°C. They were then dried for 20 min under a range hood. This step was found to be necessary to allow good subsequent colony adhesion on the surface of the filter paper. Discs (13.5 cm diameter) prepared from filter paper sheets (reference 80-1106-16, Pharmacia Biotech, Orsay, France) were placed on the surface of the agar plates, pressed on the surface with a glass spreader, and removed a few seconds later. Only traces of colonies remained on the agar plates. Each disc was placed in a new petri dish and covered with 20 millilitres of an agar overlay consisting of glucose (10 g/l), sodium pyruvate (10 g/l), trisodium citrate.5H 2 O (10 g/l), tryptone (1 g/l; Biokar Diagnostics, Beauvais, France) and agar (15 g/l), at pH 4.5 (adjusted with HCl, 2 M), and maintained at 50°C. The overlay was allowed to solidify and the plates were then incubated for 90 min at 30°C, to allow the formation of -acetolactate by -acetolactate decarboxylase-deficient cells. -Acetolactate production was then highlighted by the formation of a colour complex [START_REF] Monnet | Development and use of a screening procedure for production of -acetolactate by Lactococcus lactis subsp. lactis biovar diacetylactis strains[END_REF]. The following procedure was used for 14-cm diameter petri dishes. An agar overlay consisting of 10 ml agar (50 g/l) and 10 ml hydroxylamine (210 g NH 2 OH • HCl per litre), maintained at 60°C, was poured over each agar plate. The overlay was allowed to solidify and the agar plates were then incubated for 30 min at 75°C. Twenty-five millilitres of acetone-phosphate solution (200 ml acetone and 150 g K 2 HPO 4 per litre) were then poured on the still warm agar plate, and the solution was discarded 15 min later. A mixture of FeSO 4 and NH 4 OH solutions was then made (24 ml of a solution containing 300 ml NH 4 OH and 375 g potassium sodium tartrate per litre plus 3 ml of a solution containing 50 g FeSO 4 • 7H 2 O and 10 g H 2 SO 4 per litre) and poured over the agar plates under a hood. The agar plates were examined 10 min later on a light box. A red halo surrounded colonies of -acetolactate-producing Lactococcus lactis ssp. lactis biovar. diacetylactis, whereas no halo was obtained with strains that did not produce -acetolactate. Selected clones could be easily recovered from the agar plates used for growing the colonies.

Effect of colony count on screening efficiency. Agar plates were inoculated with 13  4 colony-forming-units of the -acetolactate-producing mutant Lactococcus lactis ssp. lactis biovar. diacetylactis 126M1, and with a number of colony-forming-units of the parent strain CNRZ126 varying from 100 to 1800. Efficient detection of the -acetolactate-producing colonies was obtained for total colony counts per agar plate up to nearly 1000 (Table 1). When the colony count rose above this value, an increasing part of -acetolactate-producing colonies could not be detected on the plates. At such a high colony density, the red halo around -acetolactate-producing colonies was barely visible.

In conclusion, with the method described in the present article, 15 times fewer agar plates are needed for screening -acetolactate-producing Lactococcus lactis ssp. lactis biovar.

diacetylactis than with the previous method [START_REF] Monnet | Development and use of a screening procedure for production of -acetolactate by Lactococcus lactis subsp. lactis biovar diacetylactis strains[END_REF]. As the frequency of the -acetolactate-producing mutants after nitrosoguanidine treatment (90% lethality) is generally higher than 0.02% [START_REF] Monnet | Development and use of a screening procedure for production of -acetolactate by Lactococcus lactis subsp. lactis biovar diacetylactis strains[END_REF] [START_REF] Monnet | Selection and properties of Lactobacillus mutants producing acetolactate[END_REF], the analysis of 20 agar plates is sufficient to isolate several mutants.

Although not yet tested, this screening method could probably be applied to other lactic acid bacteria such as Leuconostoc sp. and Lactobacillus sp. It can also be used to determine populations of an -acetolactate-producing strain in mixed cultures. 

Table 1

 1 Effect of total colony count per agar plate on detection of -acetolactate-producing colonies after screening. Agar plates were inoculated with 13  4 colony-forming-units of the

	-acetolactate-producing mutant 126M1, and a varying number of colony-forming-units of the
	parent strain CNRZ 126		
	Total colony count per agar	Number of	Number of
	plate	1	-acetolactate-producing	-acetolactate-producing
			colonies expected per agar	colonies detected per agar
			plate	plate	1
	107  21	13  4	15  3
	228  26	13  4	12  4
	500  23	13  4	14  1
	796  43	13  4	14  5
	1017  42	13  4	13  4
	1447  107	13  4	7  3 *
	1836  107	13  4	6  3 *

1 

Mean  standard deviation obtained after examination of five agar plates. * Values of -acetolactate-producing colonies detected on agar plates differed from expected values (p < 0.05).
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