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SUMMARY 

Pediococcus acidilactici strains E, F and H isolated from fermented sausages produced bacteriocins which 
were protein in nature and inhibitory to a variety of spoilage and pathogenic microorganisms often encoun- 
tered in foods. These strains harbored two to three plasmids ranging in size from 7.4 to 40.2 megadaltons. 
Curing experiments and plasmid profile analysis indicated the involvement of plasmid DNA with bacteriocin 
activity in all three strains. Carbohydrate fermentation and antibiotic resistance phenotypes did not appear to 
be associated with bacteriocin plasmids. Both bacteriocin activity and resistance determinants were linked in 
strain H and mediated by a 7.4-megadalton plasmid, whereas in strains E and F these two traits were not 
linked. 

INTRODUCTION 

Several species and strains of pediococci have 
been used as starter cultures in the fermentation of 
vegetables [22], meats [8, 24], sausage products [25] 
and Cheddar cheese [11]. Pediococci are lactic acid 
bacteria which help to preserve fermented foods 
and contribute in flavor development [11, 15]. Some 
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pediococcal strains are specifically capable of inhib- 
iting the growth of related lactic acid bacteria and 
some other bacteria, including some which are asso- 
ciated with food spoilage and food-borne illness [2, 
6, 10, 14]. In these strains the antimicrobial agents 
were shown to be neither lactic acid nor hydrogen 
peroxide, but bacteriocin-like compounds [25]. An 
understanding of the genetic control for bacteriocin 
production in these strains will be beneficial to use 
them effectively. Pediococci, like other members of 
lactic acid bacteria, have not yet been extensively 
characterized with respect to involvement of plas- 
mid DNA for important metabolic traits. However, 
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recent studies have shown that bacteriocin produc- 
tion in several pediococci is under plasmid control 
[5, 12 14]. This communication presents a modified 
method for plasmid isolation from three Pediococ- 
cus acidiIactici strains, curing studies in relation to 
plasmid linkage of bacteriocin activity and resist- 
ance in these strains, and several properties of their 
bacteriocins. 

MATERIALS AND METHODS 

Bacterial strains and media 
Three P. acidilactici strains possessing bacterio- 

cin activity were isolated from different fermented 
sausages. They were designated E, F and H, and 
maintained in our laboratory stock culture collec- 
tion. The cultures were grown in MRS broth [7] at 
30~ unless stated otherwise. As necessary, 1.5% 
agar was added to MRS broth to make a solid me- 
dium. The soft agar, used for overlaying MRS agar 
in some studies, was prepared by adding 0.75% 
agar to the broth. Escherichia eoli V517 was propa- 
gated in tryptic soy broth and it provided standard 
molecular weight (MW) markers to estimate the 
MW of P. Acidilactici plasmids in megadaltons 
(MDa). In most studies, Lactobacillus plantarum 
WSO-39 was used as an indicator strain for bacte- 
riocin assay. The inhibitory activity of bacteriocins 
was also tested against several food spoilage and 
pathogenic bacteria (Table 1). 

Bacteriocin activity assay 
Cell-free medium fi:om cultures of P. acidilactici 

strains E, F and H was heated in boiling water for 1 
h. An indicator lawn on MRS agar surface was pre- 
pared by adding 10 #1 of an overnight culture of L. 
plantarum WSO-39 (about 1 x l0 s cells/ml) to 5 ml 
of MRS soft agar. Sterile paper discs (6.25 mm di- 
ameter) were placed on the indicator lawn and 20 #1 
of heat-treated supernatant medium was spotted on 
the discs. The plate was incubated at 30~ for 18-24 
h and examined for zones of growth inhibition. The 
retention or loss of bacteriocin activity in the super- 
natant medium was also tested after autoclaving, 

neutralizing to pH 7.0, and treating with catalase, 
DNase or protease. The media used for testing bac- 
teriocin activity against food spoilage and patho- 
genic bacteria are listed in Table 1. 

Curing methods 
Elimination of bacteriocin activity was accom- 

plished [19] by growing P. acidilactici strains in 
MRS broth containing acriflavine (5-25 #g/ml), 
ethidium bromide (3-18 #g/ml) or novobiocin (2-10 
#g/ml) with three consecutive transfers in a 24-h 
period or by growing the cultures at 50~ for 24 h. 
After centrifugation and washing, the cells were di- 
luted and cultured in pourplates. Plates with 10-25 
isolated colonies were overlaid with MRS soft agar 
containing L. plantarum WSO-39 as before and in- 
cubated overnight. Colonies without a zone of 
growth inhibition were considered as bacteriocin- 
negative (Bac-) mutants. The mutants were puri- 
fied and tested again for inability to inhibit the 
growth of L. plantarum WSO-39. 

Carbohydrate utilization test 
A double-strength MRS basal broth, containing 

hydrolyzed casein instead of beef extract and with- 
out dextrose, was used. Individual solutions (10%, 
w/v) of 16 carbohydrates were sterilized and added 
to the basal broth at a final concentration of 1%. 
Bromo cresol purple (BCP) at a final concentration 
of 0.008% was used as pH indicator. Overnight cul- 
tures of P. acidilactici strains were washed and re- 
suspended in the same volume of sterile 0.85% 
NaC1. Each tube containing 10 ml of carbohydrate 
broth was inoculated with 10 #1 of cell suspension. 
Acid production (yellow color) after 24-48 h incu- 
bation at 30~ was considered as utilization of car- 
bohydrate. 

The carbohydrates utilized by bacteriocin-pro- 
ducing (Bac +) wild strains were then employed in 
sugar indicator agar plates [19] with 0.005% (w/v) 
2,3,5-triphenyl tetrazolium chloride to examine 
their utilization by Bac- mutants. Strains capable 
of fermenting a sugar would produce white colo- 
nies, while the nonfermenters would produce red 
colonies. 



Antibiotic sensitivity test 
An overnight culture (10 #l) of Bac + strain or 

Bac- mutant was mixed with 5 ml of MRS soft agar 
and poured onto MRS agar plates [27]. Commer- 
cially available sensi-discs (BBL Microbiology Sys- 
tems, Becton Dickinson and Co., Cockeysville, MD 
21030, U.S.A.) of 31 different antibiotics were 
placed on the agar surface and diffusion was al- 
lowed to occur overnight at 4~ The plates were 
incubated at 30~ for 24M8 h. Antibiotic sensitivity 
was defined as the presence of at least a 2 mm zone 
of growth inhibition around a disc. 

Sensitivity or resistance of Bac mutant to bacterio~ 
cin 

Small wells were made in an MRS agar plate with 
a cork-borer of diameter 4 ram. Freshly grown cul- 
ture (20 #1) of Bac + strain was added to each well 
and sealed with soft agar. Then the MRS agar sur- 
face was overlaid with a lawn of  the corresponding 
Bac-  mutant. The plates were incubated overnight 
and examined for growth inhibition of  Bac lawn. 

Cell lysis with lysozyme and mutanolysin 
Each P. acidilactici strain (1% inoculum) was 

grown to mid-exponential phase in 100 ml MRS 
broth supplemented with DL-threonine [27]. Cells 
were washed with TES buffer [18] and resuspended 
in ST buffer [16] to a final optical density (O.D.) at 
600 nm of 1.0. Six 900-#1 aliquots were removed in 
Eppendorf  tubes and held on ice for 10 rain. Lyso- 
zyme or mutanolysin (100 #1 of a l-rag enzyme/ml 
ST buffer solution) was added to two aliquots. Only 
ST buffer (100/A) was added to the control. For 
each strain, a set of three tubes (lysozyme, muta- 
nolysin and control) was incubated at 0~ and an- 
other set at 37~ A 250-#1 sample was removed 
from each tube at 30 rain and another at 60 rain, 
and each sample was added to a cuvette containing 
2 ml of 50 mM Tris-HC1, pH 7.0. After mixing the 
contents, the O.D. at 600 nm was measured in a 
Beckman DU-50 Spectrophotometer. The percent 
lysis by each enzyme at 30 or 60 rain was deter- 
mined considering the O.D. of control as 100%. 
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Isolation of plasmid DNA 
A modification of two methods [1, 16] was devel- 

oped that provided better isolation of plasmid 
DNA from P. acidilactici strains. The inoculum 
(2%) from an overnight culture was added to 50 ml 
of MRS broth containing 20 mM DL-threonine. 
Cells were grown at 37~ to an O.D. at 600 nm of 
0.55. Pelleted cells were washed with TES buffer 
and resuspended in 5 ml of cold (4~ sucrose buffer 
(5% w/v sucrose, 50 mM Tris-HC1, 5 mM EDTA, 
pH 8.0). The sample was cooled on ice for 10 rain. A 
mixture [20] of 500 #1 of lysozyme and mutanolysin 
(0.5 mg of each enzyme/ml in 50 mM Tris-HC1, 5 
mM EDTA, pH 8.0) was added. The sample was 
incubated at 37~ for 1 h. Following this, 1 ml of 
SDS buffer (20% w/v SDS, 50 mM Tris, 20 mM 
EDTA, pH 8.0) was added and mixed on an orbital 
shaker at 200 rpm for 3 rain. Freshly prepared 3 N 
NaOH (about 300 pl) was added dropwise to adjust 
the pH to 12.25 and the solution was mixed on the 
orbital shaker at 200 rpm for 10 rain. The sample 
was heated in a water bath at 62~ for 30 rain and 
cooled at room temperature for 15 rain. Then, 2 M 
Tris-HC1, pH 7.0 (about 600 #1) was added rapidly 
to drop the pH of the sample to 8.75. After gentle 
mixing for 3 rain, 0.12 volume of 5 M NaC1 was 
added and incubated at 0~ for 30 rain. The sample 
was treated twice with an equal volume of 3% 
NaCl-saturated phenol, vortexed slowly for 15 s 
and centrifuged at 5000 rpm in a swinging bucket 
rotor for 20 rain. The aqueous phase (7 ml) was 
transferred to another tube, mixed with an equal 
volume of chloroform/isoamyl alcohol (24:1) and 
centrifuged at 5000 rpm in a swinging bucket rotor 
for 10 rain. The clear aqueous phase (6 ml) was re- 
moved to another tube and mixed with equal vol- 
ume ofisopropanol.  The sample was held at - 70~ 
for at least 1 h. DNA was pelleted by centrifugation 
at 16 000 rpm for 20 rain at 4~ The supernatant 
fluid was discarded, DNA was dried under vacuum 
and resuspended in 100 #1 of TES buffer. 

Purification of plasmid DNA 
This was accomplished by cesium chloride-ethidi- 



166 

um bromide (CsC1-EtBr) density gradient ultracen- 
trifugation at a final density of 1.55-1.57 g/ml [26]. 
The DNA isolated from 100 ml of culture was sus- 
pended in 2.5 ml of TE buffer (50 mM Tris, 20 mM 
EDTA, pH 7.5) and treated with 0.2 ml of RNase 
(100 #g/ml in TE buffer). To this was added 6.5 ml 
of CsC1 (8.66 g/ml in TE buffer) and 0.8 ml of EtBr 
(10 mg/ml in TE buffer). The mixture was trans- 
ferred to a Beckman polyallomer quick-seal centri- 
fuge tube (16 x 76 ram). The remaining space in the 
tube was filled with sterile mineral oil. After sealing 
the tube, it was centrifuged at 45 000 rpm for 48 h in 
a Beckman 70.1 Ti rotor at 20~ The plasmid 
DNA-EtBr complex, which banded below the chro- 
mosomal fraction, was removed with a syringe and 
No. 18 hypodermic needle. EtBr was extracted with 
(1:1) CsCl-saturated isopropanol/STE buffer (5 M 
NaC1, 10 mM Tris, 1 mM EDTA, pH 8.5), whereas 
CsC1 was removed by filtration through an Amicon 
Centricon-30 microconcentrator according to the 
instructions of the manufacturer. The plasmid 
DNA was washed twice with TE buffer and resus- 
pended in 100 #1 of TES buffer. 

Agarose gel electrophoresis 
This was done after adding 25 #1 of tracking dye 

[28] to 100 pl of plasmid DNA preparation. The 
sample was loaded on 0.7% agarose gel in TBE buf- 
fer (89 mM Tris, 89 mM boric acid, 2 mM EDTA, 
pH 8.2) and electrophoresis was conducted at 5 V/ 
cm for 3-5 h. The gel was stained in EtBr (0.5 gg/ 
ml) for 15 rain, destained in 1 mM MgSO4 for 30 
rain, viewed against UV light and photographed 
with a Polaroid camera. 

RESULTS 

Bacteriocin activity of cell=free media 
The heated cell-free media from P. acidilactici 
strains E, F and H produced large zones of inhib- 
ition against L. plantarum WSO-39 (Fig. 1). The 
inhibitory activity of the supernatant medium was 
retained after autoclaving, neutralization to pH 7.0 
and treatments with catalase and DNase, but dis- 
appeared after protease treatment (Table 1). The 

culture medium from all three strains also inhibited 
the growth of L. viridiscens, Leuconostoc mesente- 
roides, Listeria monocytogenes and Clostridium per~ 
fringens; however, the growth of Staphylococcus au- 
reus was inhibited by the medium from H more 
effectively than that from strains E and F (Table 1). 

Efficiency of lysozyme and mutanolysin in lysing the 
cells 

The lysis of P. acidilactici E, F and H cells by 
either lysozyme or mutanolysin during incubation 
at 0-37~ for 30 or 60 rain was examined (Table 2). 
At 37~ mutanolysin was relatively more effective 
than lysozyme for lysis of all three strains. 

Plasmid profile of wild strains 
The P. acidilactici strains E, F and H were lysed 

with a mixture of lysozyme and mutanolysin to ex- 
amine the presence of plasmid DNA. Strains E and 
H harbored three plasmids, whereas strain F har- 
bored only two plasmids (Fig. 2). The plasmid sizes 
(Table 3) were calculated from a calibration curve 
of log MW (in MDa) of the standard plasmids of E. 
coli V517 versus their respective mobility (in ram) in 
a 0.7% agarose gel. In the three strains the size of 

Fig, 1. Agar-disc assay showing the growth inhibition of indica- 
tor L. plcmtarum WSO-39 by heated cell-free medium from strain 

E (top left), F (top right) and H (bottom). 
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Table 1 

Properties of  bacteriocins from P. acidilactici strains 

Bacteriocin activity 

tested against a Source 

Inhibition b by bacteriocin from P. acidilactici strain 

E F H 

L. plantarum WSO-39 after: North Carolina State University 

autoclaving + + + 

neutralizing to pH 7.0 + + + 

catalase treatment + + + 

DNase treatment + + + 

protease treatment - - - 

L. viridiscens AT C C + + + 
Leuc. mesenteriodes Oregon State University + + + 

List. monocytogenes Silliker Lab, Chicago, IL + + + 

C. perfringens FDA, Washington,  DC. + + + 

S. aureus FDA,  Washington,  DC. • :t= + 

" Cell-free supernatants  were heated in a boiling water bath for 1 h and then used to test activity against these strains. About  I x I06 cells 

of  each strain were used for making indicator lawn on the agar plate. Autoclaving was done at 121 ~ for 15 rain. The supernatant  was 

neutralized to pH 7.0 with sterile 0.1 N NaOH.  CatMase (200 IU/ml),  DNase (100 #g/ml) and protease (200 #g/ml) treatments were 

done at 37~ for 30 min. The media used were MRS agar for L. viridiscens and Leuc. mesenteroides, tryptic soy agar for List. 

monocytogenes and S. aureus and thioglycollate agar for C. perfringens. 
b Inhibition was determined by the presence ( + ) or absence ( - )  of  a 2 m m  or larger clear zone around the disc containing 20 #1 of treated 

cell-free medium. 

small plasmids ranged from 7.4 to 8.0 MDa and the 
medium plasmids ranged from 23.0 to 24.5 MDa; 
however, the size of large plasmids in strains E and 
H were about 40.0 MDa. 

Table 2 

Efficiency of lysozyme and mutanolysin in lysing three P. acidi- 
lactici strains 

% Lysis" 

0~ 37~ 

Enzyme 

(100 #g/ml) 30 min 60 min 30 min 60 min 

Strain 

P. aeidilactici E Iysozyme 1.7 4.3 83.7 91.4 

mutanolysin 8.4 9.8 97.5 98.3 

P. acidilactici F lysozyme 1.1 6.0 88.9 95.0 

mutanoiysin 7.7 14.1 98.6 98.6 

A B C  D 

P. acidilactici H lysozyme 5.3 12.7 85.0 96.2 

mutanolysin 23.8 56.6 99.5 100.0 

" Calculated as percent loss in O.D. at 600 nm as compared to 
control sample containing cells without enzyme. 

Fig. 2. Agarose gel electrophoresis of plasmid D N A  isotated 

from Bac + strains used in this study. Lane A, P. acidilactici E; 
lane B, P. acidilactici F; lane C, P. acidilactici H; and lane D, E. 

coli V517 standard. The numbers  on the right indicate molecular 
mass of  standard plasmids in MDa.  
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Table 3 

Plasmid profiles of P. acidilactici strains and mutants derived therefrom 

Strains" Description b Plasmid contents Source 
(MDa) 

P. acidilactici E wild, Bac+Bac r 40.2, 23.0, 8.0 this study 
NB1 mutant, Bac-Bac r 40.2, 23.0 this study 

P. acidilactici F wild, Bac+Bac r 24.5, 7.8 this study 
AF1 mutant, Bac Bac r 24.5 this study 

P. acidilactici H wild, Bac§ r 40.0, 23.0, 7.4 this study 
AF8 mutant, Bac Bac + 40.0, 23.0 this study 

E. coli V517 source of reference 35.8, 3.7, 3.4, 2.6 E.M. Lederberg + 
plasmids 2.0, 1.8, 1.4 

" Bacteriocin-non-producing mutants derived from each strain after treatment with various curing agents had the same plasmid profiles. 
NB, novobiocin and AF, acrifiavine induced mutants. 

b Bac § bacteriocin-producing; Bac-, bacteriocin-non-producing; Bac r, bacteriocin-resistant; Bac +, bacteriocin-sensitive. 
c Plasmid Reference Center, Stanford University School of Medicine, CA 94305, U.S.A. 

Plasmid curing for phenotypic assignment of  bacte- 

riocin activity and immunity 

There were some spontaneously generated bacte- 

riocin-negative ( B a c )  mutants  f rom each bacterio- 

cin-producing (Bac +) strain. The occurrence o f  

Bac mutants  increased in each strain by growing 

the cells either with chemical curing agents or at 

elevated temperature (data not  shown). Compar i -  

son of  plasmid contents (Fig. 3) o f  Bac + strains and 

Bac-  mutants  indicated that  bacteriocin activity 

was encoded by 8.0, 7.8 and 7.4 M D a  plasmids in 

strains E, F and H, respectively (Table 3). 

The possibility o f  the linkage o f  two traits, bacte- 

riocin product ion  (Bac +) and host cell resistance to 

bacteriocin (Bacr), was also studied (Fig. 4). The 

growth of  Bac -  mutan t  derived f rom strain H was 

inhibited by its parent strain, whereas the growth of  

Bac -  mutants  derived f rom strains E and F was not  

inhibited by their respective parent  strains. 

Carbohydrate utilization and antibiotic resistance 

patterns 
The relationship between bacteriocin product ion  

and carbohydrate  metabolism in P. acidilactici 

strains E, F and H was studied. The fermentable 
sugars (Table 4) such as glucose, sucrose, fructose, 
xylose, cellobiose, trehalose and mannose  were used 
in Miller's indicator agar plates to examine their 

utilization by the mutants  lacking bacteriocin plas- 

mid. However,  the B a c -  mutants  and parental 

strains had similar carbohydra te  utilization pat- 

terns. Also, antibiotic resistance patterns in Bac -  

A B C D E F G 

Fig. 3. Agarose gel electrophoresis of plasmid DNA isolated 
from Bac + strains and their Bac mutants. Lane A, E (Bac+); 
lane B, E (Bac); lane C, F (Bac+); lane D, F (Bac); lane E, H 
(Bac+); lane F, H (Bac); and lane G, E. coliV517 standard. The 
numbers on the right indicate molecular mass of standard plas- 

mids in MDa. 
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Fig. 4. Sensitivity of Bac- mutants to their respective parent 
strains, a, E (Bac-) lawn is not inhibited by E (Bac+); b, F 
(Bac-) lawn is not inhibited by F (Bac +); and c, H (Bac-) lawn is 

inhibited around the well containing H (Bac+). 

mutants  showed no change f rom the parental  

strains (Table 4). 

D I S C U S S I O N  

The antimicrobial  activity o f  P. acidilactici 

strains E, F and H reported here was not  due to 

organic acid, hydrogen peroxide or bacter iophage 

as the cell-free media remained active following 

neutralization to p H  7.0, treatments with catalase 

and DNase  or autoclaving. Treatment  with pro- 

tease destroyed activity indicating that  the antimi- 

crobial compounds  could be heat-stable proteins 

and most  probably  bacteriocins [25]. There are re- 

ports  [2, 12] that  bacteriocins produced by P. acidi~ 

lactici strains H and PAC1.0 remained active after 

heat t reatment  but became inactivated by proteolyt-  

ic enzymes. The M W  of  these proteins differed 

greatly, about  2700 D a  in strain H [2] and about  16 
Table 4 

Carbohydrate fermentation and antibiotic sensitivity patterns of P. acidilactici strains E, F and H 

Carbohydrate fermentation a Antibiotic sensitivity b 

+ - R S 

Glucose Lactose Vancomycin (30 #g) 
Sucrose Maltose Polymyxin B (50 units) 
Fructose Glycerol Streptomycin (10 #g) 
Xylose Sorbitol Kanamycin (30 #g) 
Cellobiose Mannitol Cycloserine (20 #g) 
Trehalose Melibiose Amphotericin B (20 #g) 
Mannose Inositol Nalidixic acid (30 #g) 

Arabinose Colistin (I0 #g) 
Starch Griseofulvin (20 #g) 

Erythromycin (15 #g) 
Bacitracin (10 units) 
Neomycin (30 #g) 
Penicillin (10 units) 
Tetracycline (30 #g) 
ChloramphenicoI (30 #g) 
Rifampin (15 #g) 
Chlortetracycline (30 pg) 
Ampicillin (10 #g) 
Novobiocin (5 #g) 
Actinomycin D (2 #g) 
Carbenicillin (20 #g) 
Oleandomycin (20 #g) 
Rifamycin SV (20 #g) 
Cephalothin (30 #g) 
Mytomycin C (5 #g) 
Cloxacelli~ (20 #g) 
Gentamycin (10 #g) 
Lincomycin (2 #g) 
Nitrofurantoin (300 #g) 

" +, fermented; - ,  non-fermented at 30~ within 48 h. 
b R, resistant; S, sensitive to antibiotic (concentration shown in bracket). 
All three strains showed similar phenotypic patterns for these traits. 
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500 Da in PAC1.0 [12]. This difference could be due 
to differences in the techniques used. Our prelimina- 
ry studies by sodium dodecyl sulphate-polyacryla- 
mide gel electrophoresis (SDS-PAGE) indicated 
that the MW of bacteriocins produced by strains E 
and F were approximately 2700 Da (data not pres- 
ented). 

The bacteriocins from strains E, F and H inhib- 
ited the growth of food spoilage bacteria such as L. 
viridiscens and Leuc. mesenteroides, and food-borne 
pathogenic bacteria such as List. monocytogenes, C. 

perfi'ingens and S. aureus. The bacteriocin from 
strain H, designated pediocin AcH, also inhibited 
the growth of other bacteria [3]. Other workers also 
reported similar results on bacteriocins from P. aci~ 

dilactici and P. pentosaceus strains that were quite 
active against many taxonomically related and un- 
related bacteria [5, 12-14]. 

The results of our study of lysis of P. acidilactici 

cells by lysozyme and mutanolysin (Table 2) are in 
good agreement with published reports [17, 20] that 
gram-positive lactic acid bacteria are more sensitive 
to mutanolysin than lysozyme, However, we used 

both enzymes to get better lysis. 
The bacteriocin production traits in strains E, F 

and H are encoded by plasmids which are quite sim- 
ilar in MW, ranging from 7.4 to 8.0 MDa. In other 
reports on plasmid-associated bacteriocin produc- 
tion by strains of P acidilactici and P. pentosaceus, 

the MW of plasmids ranged from 5.5 to 13.5 MDa 

[5, 12-14]. 
In out study it was evident that the bacteriocin 

plasmid in strain H encoded for both the traits bac- 
teriocin production (Bac +) and resistance to bacte- 
riocin (Bacr), since its Bac- mutants are sensitive to 
bacteriocin (BacS). However, in strains E and F the 
Bac r is not linked to bacteriocin plasmid as their 
Bac mutants are also Bac r. The linkage of the 
traits Bac § and Bac r was also observed [5] in P. 
pentosaceus FBB61, and the absence of the linkage 
of these two traits was reported [12] in P. acidilactici 

PAC1.0. Moreover, our studies demonstrated that 
bacteriocin plasmids of strains E, F and H do not 
control either fermentation of carbohydrates or an- 
tibiotic resistance (Table 4). Although strains E, F 
and H could not be differentiated on the basis of 

these phenotypic characteristics, their plasmid pro- 
files as well as the linkage of Bac § and Bac r traits in 
strain H indicated a distinct identity of each of the 
three strains. 

Strains E, F and H of P. acidilactici possessing 
Bac § phenotype may effectively be employed in 
meat fermentation. Besides their ability to produce 
lactic acid, they are effective in controlling the 
growth of many spoilage and pathogenic bacteria 
during fermentation. Their active proteins may also 
have potential as biopreservatives in a variety of 
perishable foods, Future studies may prove them 
useful in constructing ideal plasmid cloning vectors 
to design new starter strains with desirable proper- 
ties. 
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