
Introduction

Lactococcus lactis is the main bacterium used as a
starter in cheese, sour cream, buttermilk and other
fermented milk products, and its rapid growth in milk is
essential for yielding an appropriate rate of lactic acid
production, optimum curd formation, the required flavor,
and texture development in the final products and for the
inhibition of undesirable microorganisms (1,2). Very
often, these characteristics, as well as other relevant
properties such as bacteriophage and inorganic salt
resistance or bacteriocin production, are encoded by
plasmid DNA (3,4,5). Owing to concentrated efforts in
several laboratories, the lactococci became accessible to
manipulation by recombinant DNA technologies.
However, the success in the strain improvement
applications are still limited partly because most of the
cloning vectors developed to date utilize antibiotic

resistance as the basis for selection and screening. Such
easily selectable markers are a valuable laboratory tool;
however, antibiotic-resistant starter cultures will
probably not be permissible in food fermentation systems
due to the possibility of transmission of this property to
indigenous human microorganisms (6,7). Recently,
several selection markers that are potentially useful for
the construction of food-grade cloning vectors have been
described; examples of these include nisin resistance (Nisr)
(8,9) and cadmium resistance (Cdr) (10). There is need
for more investigations on the lactococcal resistance
markers, other than antibiotic markers, to construct
food-grade vectors for starter strains.

In this study, a 30.0 kb plasmid encoding lactose
fermentation and conjugal transfer abilities, and copper
(Cu) resistance in L. lactis subsp. lactis MCL64 was
identified.
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Abstract: Lactose negative and copper sensitive (Lac-/Cus) mutants of Lactococcus lactis subsp. lactis MCL64 were isolated after
extended incubation periods at 32ºC and 37ºC. A 30.0 kb plasmid was absent in all Lac-/Cus mutants. These results showed that
lactose metabolism and copper resistance were linked to the 30.0 kb plasmid in strain MCL64. Using MCL64 as a donor, the 30.0
kb plasmid transferred into Lac-/Cus recipient strains P81 and MCL64-90 with the frequencies of 4.1x10-5– 8.2x10-3 per donor cell,
respectively. All transconjugants were found to be of a Lac+/ Cur phenotype.
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Lactococcus lactis subsp. lactis MCL64 Suflunda
Laktoz Metabolizmas› ve Bak›r Dirençlilik Plazmidinin

Tan›mlanmas›

Özet: Lactococcus lactis subsp. lactis MCL64 suflunda laktoz negatif ve bak›r duyarl› (Lac-/Cus) mutantlar, 32ºC ve 37ºC de uzat›lm›fl
inkübasyon süreleri sonunda seçildi. Tüm Lac-/Cus mutantlarda 30,0 kb büyüklükteki plazmidin bulunmad›¤› saptand›. Bu sonuçlar,
MCL64 suflunda laktoz metabolizmas› ve bak›r dirençlili¤in 30,0 kb büyüklükteki plazmid ile iliflkili oldu¤unu gösterdi. 30,0 kb
büyüklükteki plazmid, MCL64 verici suflundan Lac-/Cus P81 ve MCL64-90 al›c› sufllar›na s›ras›yla, 4,1x10-5 ve 8,2x10-3 s›kl›kla
aktar›ld›. Oluflan transkonjugantlar Lac+/ Cur fenotipte saptand›.

Anahtar Sözcükler: L. lactis subsp. lactis, laktoz kullan›m›, bak›r dirençlilik, plazmid



Materials and Methods

Bacterial strains and culture conditions

Table 1 lists the strains used in this study. Lactococcal
cultures were routinely grown in M17 medium (11) at
32ºC with lactose being replaced by glucose (GM17)
when necessary. Bacteriophage and culture stocks were
stored in broth containing 15% glycerol at -40ºC.
Antibiotics were used in the following concentrations:
Streptomycin (Str), 200 µg/ml and kanamycin (km) 70
µg/ ml.

Resistance tests

Copper resistance was determined by the method of
Novick and Roth (12) and M17 agar and M17 Broth (11)
were used for colony-forming ability and serial tube
dilution assays. Tests were conducted at 32ºC.

Plasmid curing and detection of lactose negative
(Lac-) mutants.

Plasmid cured derivatives were obtained by using the
extended incubation method described by Sinha (13).
Lactose-utilizing colonies (Lac+) were differentiated from
lactose non-utilizing colonies (Lac-) on Elliker agar (14)
containing 1% lactose as the main source of carbohydrate
with 0.004% bromocresol purple used as indicator (13).
On such test plates, Lac+ colonies were yellow, while Lac-

colonies were white. Total viable cells were also
determined on the same kind of plates.

Plasmid analysis

The lysis procedure of Anderson and McKay (15) was
used to isolate plasmid DNA from lactococcal strains.
Plasmid sizes were estimated on 0.7% agarose gels by
comparing their relative mobility to commercial ccc DNA
markers containing plasmid species of 16.2, 14.2, 12.1,
10.1, 8.1, 7.0, 6.0, 5.0, 4.0, 3.0 and 2.1 kb (Bathesda
Research Laboratories, Product No: 5622SA, USA).

Conjugation

Donor and recipients were combined in ratios of 1:2
to 1:5 and matings were performed on the surface of
bromocresol purple lactose indicator agar (13). For
MCL64 X P81 matings, streptomycin (200 µg/ml) and
kanamycin (70 µg/ml) were added to the selection
medium. Lac+ transconjugants were purified by replating
three times on the same medium and subcultured to M17
broth and M17 agar for copper resistance tests and
plasmid screening (16).

Results and Discussion 

The appearance of lactose negative (Lac-) mutants in
M17 broth after extended incubation of MCL64 cultures
at 22ºC, 32ºC and 37ºC is shown in Table 2. No Lac-

mutant was determined at 22ºC after 24 h, 96 h and 168
h incubation periods. The number of Lac- mutants
increased with the length of incubation at 32ºC and 37ºC,
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Strains Phenotypea Comments and References

L. lactis subsp. lactis

MCL64 Lac+, Cur, Strs, Kms Donor strain. This study

MCL64-90 Lac-, Cus, Strs, Kms Plasmid free recipient strain. This study

MCL64-121 Lac-, Cus, Strs, Kms One plasmid cured (30.0kb) derivative of 

strain MCL64. This study

MCLT36 Lac+, Cur, Strs, Kms Conjugant from MCL64 X MCL64-90 

mating. This study

P81T20 Lac+, Cur, Strr, Kmr Conjugant from MCL64 X P81 mating. This

study

P81 Lac-, Cus, Strr, Kmr (17)

a Lac+/ Lac-: Utilizes/does not utilize lactose

Strr/ Strs: Resistant/sensitive to streptomycin

Kmr/ Kms: Resistant/sensitive to kanamycin

Cur/ Cus: Resistant/sensitive to copper 

Table 1. Bacterial strains used in this study.



and 100% of examined colonies were found to be Lac-

after 168 h at 32ºC and 37ºC. The results indicated that
cellular metabolites released in to the medium by growth
may have prompted the appearance of Lac- mutants.

To determine the copper resistance (Cur), L. lactis
subsp. lactis MCL64 plated on M17 agar containing 0.1M
CuSO4 was used. Wild type strain MCL64 was found to be
Cur. However, all Lac- mutants of strain MCL64 were also
copper sensitive (Cus) (data not shown). In order to
characterize genetic determinants of lactose fermentation
ability (Lac+) and Cur in MCL64, plasmid profiles of the
wild type strain and its representative Lac-/Cus mutant
MCL64-121 were examined (Figure). Wild type strain
MCL64 carried 9 plasmids, with molecular sizes of 45.8,
30.0, 28.8, 22.5, 16.7, 12.3, 8.4, 4.1 and 2.6 kb. On

the other hand, Lac-/Cus mutant strain MCL64-121 had
lost the 30.0 kb plasmid only. These results strongly
suggested that associated lactose utilization and copper
resistance in L. lactis subsp. lactis MCL64 are encoded by
the 30.0 kb plasmid. In a second experiment, L. lactis
subsp. lactis MCL64 was used as the donor, and
conjugated with two plasmid free and Lac-/Cus recipient
strains. Transfer of lactose fermentation ability/Cu
marker to the recipient strains L. lactis subsp. lactis P81
and MCL64-90 was observed at the frequencies of
4.1x10-5 and 8.2x10-3 per donor cell, respectively. Fifty
Lac+/Cur transconjugants were plasmid extracted, and all
contained the same 30.0kb plasmid (Table 3).
Conjugation results clearly confirmed that the Lac+/Cur

genes were encoded by the 30.0kb plasmid DNA in L.
lactis subsp. lactis MCL64.
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Table 2. Effect of extended incubation of L. lactis subsp. lactis MCL64  cultures at different incubation temperatures on the appearance of Lac-

coloniesa.

Strain Incubation Time of Total Viable No of Colonies No of Lac-

Temperature Incubation (h) Counts (cfu/ml) Examined Type Colonies

L. lactis subsp. lactis
MCL64 22ºC    24 4.6x109 412 0

96 8.1x108 425 0

168 5.3x106 425 0

32ºC    24 8.8x109 386 17

96 6.9x104 303 188

168 6.2x102 265 265

37ºC    24 2.7x106 330 15

96 4.2x104 300 183

168 4.7x102 158 158

a The data reported are the average of two experiments

Lac+/ Cur Transconjugantsa

Donor Recipient Representative

Transconjugants Frequency Plasmid

(Per donor cell) Contentb (kb)

MCL64 MCL64-90 MCLT36 8.2x10-3 30.0

MCL64 P81 P81T20 4.1x10-5 30.0

a Lac+: Metabolizes lactose; Cur: Copper resistant; kb: kilobase
b Twenty-five transconjugants for each conjugation experiment were used to examine the plasmid

content.

Table 3. Conjugal transfer of lactose
fermentation ability and copper
resistance from L. lactis subsp.
lactis MCL64 to plasmid free
recipient strains.



Conjugation has proven to be a useful gene transfer
system in furthering the genetic analysis of plasmid
encoded traits in lactococci, including lactose
fermentation ability, bacteriocin production,
bacteriophage and inorganic salt resistance, and
proteolytic activity (17,18,19,20,21). In addition,
conjugation has been exploited as a food-grade
mechanism for the construction of industrial starter
cultures with recombinant vector systems (22,23). The
lactose fermentation/copper resistance plasmid,
determined in this study, is a suitable food-grade vector
because of its conjugal ability and Lac+/Cur selection
capacity. Lac+/Cur markers offer a powerful selection
advantage to recombinant strains in the absence of
antibiotic resistance markers which are unsafe for food
systems.    
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Figure. Plasmid profiles of Lac+/ Cur wild type strain MCL64 (lane
1) and its Lac-/ Cus mutant MCL64-121 (lane 2).
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