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Three commercial sausage starter cultures were grown in

an internal-pH-controlled medium (PHASE 4) and in a soluble

phosphate-buffered medium. The cultures were tested by

comparing viable counts before and after freezing at -40 C

or freeze-drying and subsequent storage for 3 months in the

frozen or dried state. Strains varied in storage survival.

PHASE 4 preserved activity and viability of cells much

better than the other medium. Cultures were tested for

ability to ferment a simulated sausage mixture in

comparison to commercial cell concentrates.

Penicillin-resistant mutants for six strains of

Streptococcus cremoris currently used in commercial Cheddar

cheese manufacture were isolated after treatment with

N-methyl-N-nitro-N-nitrosoguanidine. Resistance was



associated with beta-lactamase production. Both parents and

mutants were characterized with regard to growth, acid

production, optimum temperatures, phage sensitivity and

adsorption, lysogeny, beta-lactamase production, penicillin

degradation, flavor, rate of death at Cheddar

cheese-cooking temperature, susceptibility to other

antibiotics, arginine hydrolysis, slime production,

phosphate tolerance and plasmid profile. Mutants were

resistant to most penicillins. This resistance was retained

after several passages in absence of the antibiotic.

Mutants could be added to bulk storage raw milk not only to

degrade residual penicillins but also to inhibit the growth

of psychrotrophs.

Nisin production by four strains of Streptococcus

lactis was compared in four different media. The highest

concentrations were obtained with cells grown in an

internal-pH-controlled medium (PHASE 4).

Mutants of Streptococcus lactis strains C10, 401 and

406, which lacked the ability to produce ammonia from

arginine, were obtained by ultraviolet light irradiation

and selection on arginine-tetrazolium chloride agar plates.

Parent and mutant strains were compared for their

respective characteristics and ability to grow at 40 C. No

linkage was found between the arginine hydrolysis trait and

any of the plasmids. Replacing Streptococcus cremoris

strains by these mutants for Cheddar cheese-making is not

recommended.
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STUDIES TO IMPROVE

LACTIC ACID BACTERIAL STARTER CULTURES

INTRODUCTION

Lactic acid bacteria have long been used for production

of fermented foods. In those parts of the world where

fermented dairy products are still made on the farm, the

bacterial starter culture may be a naturally soured milk of

acceptable taste, while in countries with a more advanced

dairy industry, the cultures are especially selected for

their ability to confer the correct properties on the final

fermented product (2).

It has been the intent of this investigation to improve

the starter cultures currently used in the dairy and food

industry, and to show the feasibility for selection and use

of mutants for overcoming the problems associated with

residual antibiotics in milk.

One of the primary causes of starter failure during

cheese manufacture is the presence of antibiotics in milk.

The harmful effect of penicillin residues in milk, after the

treatment of mastitis-infected cows, on the development of

acid-producing organisms has been known almost since

antibiotic drugs were first used for the treatment of udder

infections at the end of World War II. This effect was first

noticed in the preparation of starters, and at a later stage
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(1947-48) in the production of cheeses. The loss of

considerable quantities of milk, spoiled in manufacturing

dairies, resulted in heavy financial losses. It called for

research into the mechanism of penicillin transfer from the

udder to the milk, of the concentrations likely to endanger

manufacture and of measures to overcome the harmful

influence of penicillin (12). Of the several suggestions

made in the literature to facilitate overcoming harmful

effects of penicillin was the addition of penicillinase

(beta-lactamase) which inactivates most penicillins (13).

Therefore part of this study was to isolate and

characterize beta-lactamase producing mutants of

streptococci that could be added directly to bulk storage

raw milk to degrade any residual penicillins.

Certain types of lactic acid bacteria are primarily

responsible for the fermentation of salami and other

fermented sausages. The usual source of these bacteria is

the "back slop" of a small amount of previously fermented

sausage added to the new batch. However, the use of starter

cultures of known bacterial types and numbers, instead of

back slop, is an improvement in the art of making fermented

sausages with uniformly high standards of quality and safety

(1). Preparation and preservation of these cultures

comprises an important aspect of the fermented sausage

industry. The use of a recently developed media for the

preservation of these starters is investigated in the first
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part of this study.

The importance of lactic acid bacteria is not confined

to acid production. Certain strains of Streptococcus lactis

produce, in addition to acids and peroxides, a polypeptide

biological inhibitor known as nisin. Nisin is known to

control the late-blowing and spoilage of Swiss cheese by

Clostridium butyricum (3,4), and is very effective when used

as a preservative in a wide variety of foods. Therefore one

aspect of this investigation was to find the best media

available for the commercial production of this

bacteriocin.

A decade ago Sandine et al.(10) emphasized the need to

isolate new strains of lactic streptococci for use in the

dairy industry. The three main types of starter used

commercially may be classified as follows: (i) Single-strain

starters: single strains of Streptococcus cremoris and less

commonly S. lactis. They are used in pairs in New Zealand

but also singly in Australia. (ii) Multiple-strain starters:

defined mixtures of usually 3 or 4 single strains of S.

cremoris and S. lactis. Leuconostocs and Streptococcus

diacetylactis are also sometimes used but progressively less

often than in the past. Multiple-strain starters are mostly

used in the United States where they are commonly called

mixed starters, but a need exists to distinguish defined

mixtures from those of unknown composition. (iii)

Mixed-strain starters: mixtures of strains of S. cremoris,
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S. lactis, S. diacetylactis and leuconostocs. Their

composition is unknown and may vary on subculture(s) (7). In

Cheddar cheese-making there is a considerable evidence that

S. cremoris strains are more suitable than either S. lactis

or S. diacetylactis both from flavor (6,11) and phage

considerations (6,7). Therefore isolation and selection of

new strains of S. cremoris is desirable (10). But since the

natural habitat for S. cremoris is still unknown and new

strains cannot be isolated easily, the use of S. lactis

strains that cannot grow at 38 C (5,6,8,9) would seem to be

a more logical approach to the prevention of bitterness in

Cheddar cheese. Therefore, a study was undertaken to

determine if such strains could be obtained, by mutation,

from existing S. lactis cultures.
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ABSTRACT

Three commercial starter cultures used for sausage

manufacture were grown in an internal-pH-controlled medium

(PHASE 4), and in a soluble phosphate-buffered medium. The

viability of the cells was tested during a 3-month period by

comparing viable counts of cell suspensions before and after

freezing at -40 C or freeze drying and subsequent storage.

Cultures preserved in PHASE 4 retained their viability much

better than those preserved in the phosphate-buffered

medium. Individual cultures showed variations in their

ability to survive freezing or lyophilization. Cells grown

in the two media were also tested for ability to ferment

(acidify) a simulated sausage mixture in comparison to

commercial cell concentrates. Fresh cultures in both media

were similar in activity but the superior survival of all

three cultures when frozen or lyophilized after growth in

internal pH-controlled medium indicated they would be

satisfactory for commercial use when supplied in either of

these conditions.
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INTRODUCTION

In an improvement over traditional methods, bacterial

isolates useful in sausage fermentation have been grown to

produce starter cultures to inoculate sausages. The use of

starter cultures in meat and even vegetable fermentation (6)

is becoming more established. Such starter cultures, because

of their rapid acidifying ability, aid in preserving the

final product and preventing pathogen growth (4). Lactic

acid starter cultures can keep fairly well under

refrigeration if the culture is neutralized with calcium

carbonate (16). They can also be concentrated and

successfully stored with (10) or without (11) a buffered

suspending medium. For extended storage of lactic acid

bacteria, freezing is found to be much better than

refrigeration (13). Culture age does not seem to influence

the survival of frozen lactic acid bacteria (7,12). However,

Lamprech and Foster (12) observed that stationary phase

cells were better than older cells, and Stapert and Sokolski

(23) observed that cells frozen in the log phase had higher

activity but lower survival than older cells. Adjustment of

pH during culture growth or before freezing is advantageous.

Larger cell yields and better survival during freezing may

be obtained by neutralizing growing cultures with ammonium

hydroxide (5,9). Better survival of bacteria is obtained

when they are frozen at a pH near neutrality rather than at
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a low pH (12,13,17). Studies on starter culture storage

without cryoprotective agents have established that optimal

temperatures are -40 C and below (21,22,24). Culture storage

at or above -20 C results in marked decrease in cell

viability and activity and often requires the addition of

cryoprotective agents (1,3,8,15,21,24). Freeze drying is

also applied to starter cultures as a preservation

technique. Freeze dried bacteria can remain viable for a

long time particularly if stored at low temperatures.

Properly frozen and feeze-dried cultures not only have good

viability, but also reasonably short growth lags when

inoculated in laboratory media or sausage ingredients (2).

The present study was carried out to see the effect of

growing, freezing and freeze-drying sausage starters in a

commercially available medium with internal pH control, in

reducing cell injury and increasing culture activity.



MATERIALS AND METHODS

Cultures

11

Frozen sausage starter cultures with the names, Lactacel

75 (Pediococcus pentosaceus), Lactacel 100 (Pediococcus

acidilactici) and Lactacel Plus (Pediococcus cerevisiae and

Micrococcus varians) as well as commercial cultures of P.

cervevisiae, M. varians and Lactobacillus plantarum were

obtained from Microlife Technics, Sarasota, FL. All cultures

were kept frozen at -20 C until used.

Media

A commercially available internal-pH-controlled medium,

PHASE 4 (19) (Galloway West, Fond du Lac, WI) was

reconstituted (75 g/liter) in tap water, supplemented with

1% glucose and pasteurized by steaming for 15 minutes.

Modified TPYG (20), a soluble buffer-containing growth

medium was also used, it contained the following: sodium

tripolyphosphate, 1 g ; yeast extract, 10 g ; glucose, 10 g;

peptone 10 g and NaCl, 0.8 g in 1000 ml of distilled water.
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Growing and Freezing Cultures

Cultures were inoculated in flasks containing 100 ml

PHASE 4 and TPYG. The inoculated media were incubated 18

hours with continual slow agitation (100 rpm) on a shaker.

The incubation temperature was 23 C for P. pentosaceus and

30 C for the other cultures. Final cell counts reached were

>10 9 cfu/ml.

Following incubation, part of the cultures were

distributed aseptically in 4.5-m1 portions in sterile

cryotubes. The cryotubes were then frozen at -40 C and

stored at this temperature up to three months. The other

part of the cultures was lyophilized in 1-ml portions and

stored in the refrigerator freezer compartment at -20 C.

Cell Counts

Cultures were sampled weekly for viable cell counts. Two

samples of each culture and media were thawed for 20 minutes

in cool (20 C) tap water, and then diluted serially with

sterile peptone water (0.1%) and spotted in 25 ul amounts

onto predried glucose agar plates with an Oxford Micro-doser

pipette (Lancer Division of Sherwood Medical, St. Louis, MO

63103); each dilution plate contained 4 replicate spots. The

lyophilized cultures were rehydrated to their original

volume with sterile distilled water at room temperature and
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then plated as above for viable cell counts. Inoculated

plates were incubated at 30 C for 48 hours, after which

colony forming units per ml were determined and mean values

of observations reported.

Activity in Simulated Sausage mixture

Prior to freezing, aliquots of cultures grown in the two

media were used to inoculate (1% w/v) a simulated sausage

mixture (4), prepared by adding to ground beef the

following: glucose, 1.5% ; sodium chloride, 3.0% and sodium

nitrate 0.01%. Commercially prepared frozen concentrates

(freshly thawed) were also used to inoculate the sausage mix

so acidifying rates and growth could be compared.
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RESULTS

Table 1.1 shows the data obtained when cells grown in

TPYG and PHASE 4 were compared to commercially prepared cell

concentrates for ability to grow in and to acidify the

simulated sausage mixture (4). It may be seen that cells

raised in both TPYG and PHASE 4 were similar in growth

(cfu/g) and acidifing ability (pH reached) to commercial

cell concentrates. Also, the uninoculated controls developed

comparable acidities due to the indigenous meat flora except

for the meat mixtures inoculated with P. pentosaceus or L.

plantarum ; in these cases the pH values after 21 hours were

lower than in the control meat mixtures.

Figures 1.1, 1.2 and 1.3 show viable cell counts for

individual cultures grown in the two different media after

they were held under frozen storage (-40C) for three months.

It was found that cultures grown in the internal-pH-

controlled medium (PHASE 4) were maintained at a pH

sufficiently high to prevent acid damage of the bacterial

cells. The same results, as shown in figures 1.4, 1.5 and

1.6, were obtained with the lyophilized cultures held at

-20 C for three months.
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DISCUSSION

To avoid dependence on the availability of sufficient

fresh sausage starter culture to meet production needs, it

is desirable to have methods of freezing and freeze-drying

cultures, that result in high bacterial survival during

freezing and subsequent storage. For this reason, the use of

two different media for growing, freezing and freeze-drying

cultures was investigated.

According to Lamprech and Foster (13), lactic

streptococci survive better at pH 7.0 than at pH 5.0. The

PHASE 4 cultures were protected from freeze injury by the

soluble and insoluble buffer salts in the medium which may

also act as cryoprotectants. These buffer salts include

magnesium phosphate, di-ammonium phosphate and tri-sodium

citrate. They provide built-in control of acidity, keeping

the pH high enough to promote the growth of the desired

lactic acid bacteria without acid injury, but also low

enough to inhibit the growth of any chance contaminating

microorganisms. The buffering ingredients are initially

formulated in solid form and are gradually released as pH

reaches a predetermined value of 5.1-5.2. The rate at which

the buffer is released is entirely dependent upon the rate

of acid production (14). This protective ability of PHASE 4

was also demonstrated by the results obtained from

lyophilized cultures. However, freezing resulted in
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significantly better overall survival rates, since

freeze-drying is a step beyond freezing, with a chance of

killing cells during drying as well as during freezing. An

exception was seen with the stored lyophilized culture of P.

pentosaceus (Figure 1.4) which had at least as high a

survival rate as the stored frozen culture (Figure 1.1) when

PHASE 4 was used.

Therefore, it appears that lactic sausage starters, like

cheese starters (21), can be grown in a commercially

available medium with internal pH control, frozen or

lyophilized without cryoprotectants and used directly,

without subculturing in sausage manufacture.



Table 1.1. Effect of growing different lactic sausage starter bacteria in various
media on their ability to grow in and acidify a sausage meat mixture.

ORGANISM

i? iR2kWatN74Gi

P. cerevisiae
÷

M. variarls

HOUR

T P Y G PHASE 4
CELL

CONCENTRATE*
CONTROL

(un nocu fated)

CFU/G
(log) PH

CFU/G
(log) PH

CFU/G
(log) PH

CFU/G
(log) PH

0 7.7 5.55 8.2 5.66 8.5 5.46 7.2 5.50

4 7.7 5.45 8.1 5.47 8.5 5.43 7.4 5.39

8 7.8 5.39 7.8 5.36 8.5 5.40 7.5 5.34

12 8.3 5.45 8.6 5.31 9.1 5.41 8.0 5.45
21 8.9 5.25 8.7 5.22 9.4 5.21 8.8 5.31

24 8.9 5.23 8.8 5.2D 9.4 5.15 8.9 5.27
36 9.3 5.10 9.2 5.20 9.5 5.10 9.5 5.30
48 9.2 5.16 9.4 5.18 9.6 5.16 9.9 5.24

0 8.0 5.52 7.8 5.53 8.0 5.50 7.2 5.50

4 8.1 5.38 7.9 5.46 8.0 5A5 7.4 5.39

8 8.5 5.39 8.4 5.52 8.7 5.49 7.5 5.34

12 9.1 5.43 9.3 5.48 8.4 5.47 8.0 5.45

21 9.3 5.25 9.9 5.36 9.3 5.32 8.8 5.31

24 9.4 5.22 10.0 5.31 9.6 5.29 8.9 5.27

36 9.5 5.05 10.3 5.31 9.7 5.13 9.5 5.30

48 9.5 5.17 g.3 5.20 9.8 5.19 9.9 5.24



Table 1.1. (continued).

CELL CONTROL
T P Y G PHASE 4 CONCENTRATE* (uninoculated)

CFU/G CFU/G CFLYG ,L,
PH

CFU/G
ORGANISM HOUR (log) PH (log) PH (log) (log) PH

0 7.9 5.68 8.5 5.70 8.3 5.68 6.6 5.68

4 7.9 5.73 8.5 5.74 7.9 5.73 6.6 5.73

8 7.6 5.69 8.5 5.76 8.2 5.7D 7.4 5.71

P cerevisi3e 12 8.4 5.65 8.5 5.67 8.1 5.64 8.3 5.70
21 9.2 5.50 9.5 5.58 9.4 5.64 9.2 5.66

24 9.3 5.49 9.6 5.56 9.5 5.64 9.3 5.62
36 9.6 5.25 10.2 5.29 10.1 5.26 9.7 5.44
48 10.0 5.18 10.3 5.15 9.9 5.12 9.3 5.38

149/7;3/7S

0 7.9 5.72 7.9 5.77
4 7.7 5.47 8.0 5.60

8 8.0 5.72 8.8 5.81

12 9.2 5.48 9.4 5.61

21 9.5 5.48 9.3 5.48

24 9.7 5.48 9.3 5.48
36 9.3 5.25 9.5 5.38
48 9.4 5.40 9.6 5.40

8.6
8.8
8.4
9.7
9.5

9.5
9.8
9.4

5.63
5.54
5.77
5.50
5.49
5.49
5.25
5.41

7.2 5.68
7.3 5.38
7.3 5.67
7.6 5.25
8.1 5.40
8.1 5.40
8.7 5.33
8.7 5.26



Table 1.1. (continued).

ORGANISM

P pentoseweus

0716ritarum

HOUR

T P Y G PHASE 4
CELL

CONCENTRATE*
CONTROL

(uninoculated)

CFU/G
(log) PH

CFU/G
(log) rul

CFU/G
(log) PH

CFU/G
(log) PH

0 9.2 5.68 9.3 5.72 9.3 5.70 8.1 5.70

4 8.5 5.65 8.9 5.71 9.0 5.40 8.2 5.73

8 8.9 5.62 8.8 5.68 9.0 5.32 8.5 5.76

12 8.5 5.51 8.8 5.59 8.8 5.31 8.6 5.71

21 8.6 5.21 8.5 5.28 8.7 5.04 8.9 5.69

24 8.6 5.18 8.4 5.14 8.8 4.97 9.0 5.69
36 9.9 4.83 8.2 4.83 9.8 4.83 9.3 5.61

48 9.8 4.80 9.7 4.80 10.8 4.76 9.4 5.65

0 8.5 5.68 8.0 5.72 8.0 5.70 7.2 5.68

4 8.3 5.50 7.9 5.40 8.2 5.50 7.3 5.38

8 8.5 5.67 8.4 5.72 8.6 5.79 7.3 5.67

12 9.2 5.22 9.0 5.31 8.9 5.43 7.6 5.25

21 7.7 5.06 8.0 5.11 8.4 4.82 8.1 5.40

24 7.6 5.03 7.8 5.08 8.4 4.78 8.1 5.40

36 7.6 4.83 7.9 4.85 8.3 4.50 8.7 5.33

48 7.9 4.66 8.5 4.73 8.2 4.34 8.7 5.26

* Meat inoculated 1% (w/v) with thawed commercial cell concentrate.
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Figure 1.1. Colony counts of Pediococcus pentosaceus grown
in PHASE 4 (top graph) or TPYG medium (bottom
graph) at 23 C, frozen at -40 C and sampled at
times indicated up to 12 weeks.
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Figure 1.2. Colony counts of Pediococcus acidilactici
grown in PHASE 4 (top graph) or TPYG medium
(bottom graph) at 30 C, frozen at -40 C and
sampled at times indicated up to 12 weeks.
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Figure 1.3. Colony counts of P. cerevisiae plus Micrococcus
varians grown in PHASE 4 (top graph) or TPYG
medium (bottom graph) at 30 C, frozen at -40 C
and sampled at times indicated up to 12 weeks.
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Figure 1.4. Colony counts of Pediococcus pentosaceus grown
in PHASE, 4 (top graph) or TPYC medium (bottom
graph) at 23 C, lyophilized and sampled at
times indicated up to 12 weeks.
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Figure 1.5. Colony counts of Pediococcus acidilactici grown
in PHASE 4 (top graph) or TPYG medium at 30 C,
lyophilized and sampled at times indicated up
to 12 weeks.
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Figure 1.6. Colony counts of P. cerevisiae plus Micrococcus
varians grown in PHASE 4 (top graph) or TPYG
medium (bottom graph) at 30 C, lyophilized and
sampled at times indicated up to 12 weeks.
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ABSTRACT

Penicillin-resistant mutants were isolated for six

strains of Streptococcus cremoris used in commercial Cheddar

cheese manufacture, after treatment with N-methyl-N-nitro-

N-nitrosoguanidine. The resistant mutants had an elevated

minimal growth inhibitory concentration for penicillin G

(2.5 ug/ml) and other beta-lactam antibiotics, as compared

with the penicillin-susceptible parent strains. Penicillin

resistance was shown to be associated with the production of

beta-lactamase. Plasmid deoxyribonuclic acid was not

demonstrated in partially purified lysates of four mutants.

Mutants had normal cellular morphology, but altered phage

sensitivity patterns. All except one strain were able to

achieve complete phage adsorption. Resistance was retained

after 20 passages in absence of penicillin.
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INTRODUCTION

Most of the antibiotics currently used in veterinary

therapy are strong inhibitors of the bacteria used in the

production processes of the dairy industry. Very low

concentrations of penicillin for instance inhibit yogurt and

other starter cultures. The chances of the original cultures

being overgrown by a few undesirable microorganisms with a

natural or acquired resistance to the residual antibiotic

warrants consideration. Coliform bacteria, streptococci,

micrococci and staphylococci could grow out, thus rendering

the product unfit or even dangerous for human consumption

(36,42,55,58,61,84). Other hazards that could be posed by

antibiotic residues in milk, although considered minor,

include, allergic reactions and toxic effects (94).

The problem of antibiotics in milk was brought to light

in 1948 by Kastli (37), who was the first to report

specifically that milk from cows infected with bovine

mastitis and treated with penicillin would impair the

manufacture of butter and cheese. He found that from 0.1 to

1.0 unit of penicillin per ml of milk was sufficient to

inhibit the growth of the widely used starter cultures,

Streptococcus cremoris and Streptococcus lactis.

The effect of low penicillin concentrations in milk, on

acid production by differnt cheese starters was also

investigated by Richards (74), who found that 0.1 unit of
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penicillin/ml inhibited Streptococcus durans and

Streptococcus thermophilus ; 0.25 units/ml inhibited

Steptococcus diacetylactis and S. cremoris ; and 0.5

units/ml inhibited mixtures of S. cremoris plus S.

diacetylactis.

Cogan (13) found that 50% inhibition of several single

strain and commercial cheese starters was achieved with

penicillin concentrations ranging from 0.009 to 0.2 ug/ml.

Whitehead and Lane (96) reported that normal Cheddar cheese

was manufactured despite the presence of 0.05 unit of

penicillin/ml in the cheese vat milk, but 0.1 unit/ml and

over caused the cheese to be pasty and have a yeasty flavor.

Meanwell found that contact of cells with 0.075 units/ml of

milk, for 16 hours at 22 C reduced considerably the number

of cells in the bulk starter (59). While heating milk for 30

minutes at 145 F resulted in very little loss of potency of

added penicillin, steaming for one hour resulted in

approximately 50% loss (31).

Velinski (95) reported that a commercial starter was

made resistant to penicillin over a period of four to five

weeks by addition, at each daily transfer, of penicillin in

increasing quantities from 0.05 to 0.1 units/ml. The starter

when fully adapted to the antibiotic and incubated at 26 C,

retained normal flavor and developed acid in milk with up to

one unit of penicillin/ml.

Attempts were made in another study to produce
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penicillin resistant cultures (74) using a selection

procedure for isolation of naturally resistant mutants and a

training program for the induction of resistance. Cultures

were obtained which grew in the presence of 0.5 units of

penicillin/ml of milk, although acid production by these

strains was reduced 50% compared to sensitive cultures.

Recently Parada (68) isolated two mutants of S. lactis

with increased resistance to penicillin. Such resistance had

been attributed to either changes in permeability which

could reduce the availability of penicillin to susceptible

bacterial targets, or reduction in the affinity of the

antibiotic for penicillin-binding proteins (PBPs).

The addition of penicillinase at a rate of 0.2 ug/ ml of

milk, has been reported to overcome the effect of penicillin

on starter culture activity (28,38). The enzyme permitted

almost normal acid production in the presence of 0.5 unit of

penicillin/ml (39). But addition of penicillinase to cheese

vat milk is not only objectionable because of expense,

possible toxicity and pure food regulations, but also

because when low doses are used a considerable delay occurs

owing to the contact time required (96). Therefore it is not

considered to be a practical possibility.

The present report describes the isolation of six

penicillin

resistance

production.

resistant mutants of S. cremoris. Their

is attributed to beta-lactamase (penicillinase)

No evidence has been found for such resistance
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to be plasmid associated. Details of how mutants were

isolated, their characteristics in comparison to the parent

strains and resistance to other beta-lactams and several

selected antibiotics is discussed. These mutant strains

could be added to milk before pasteurization, in order to

degrade, and hence reduce the amount of residual penicillins

in milk.



MATERIALS AND METHODS

Media

35

Instant Peake nonfat milk (Galloway West Co., Fond du

Lac, WI) reconstituted at 11% solids was used throughout

this study. Test tubes containing ten ml of nonfat milk

(NFM) were autoclaved at 121 C for 12 minutes for use in

culture maintenance. Tubes containing 10 ml of NFM

pasteurtized at 62 C for 30 minutes were used for the Pearce

activity test. M17 broth (89) was used for growing the

mutants in the presence of antibiotics tested in this study,

and for culture maintenance.

Bacto-PM indicator agar seeded with Thermospore

Suspension PM (Difco Laboratories; Detroit, MI) was used for

detecting residual amounts of penicillin in M17 broth and

NFM. If used immediately, sterilization of this media was

not necessary, since other organisms will not grow in the

short incubation period required for the test. But if the

plates were to be used later, the dissolved media was

sterilized for 15 minutes and cooled to 65-66 C for

inoculation with the thermospore suspension, and dispersion

into plates. The dispensed and solidified plates were

immediately placed inverted in the incubator at 55-65 C for

30 minutes, after which they were inverted in plastic bags
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and stored in the refrigerator (5C). These plates were

satisfactory for use for up to seven days.

Fast-Slow Differential Agar (FSDA) (30,80) was used for

purification and isolation of fast clones used in mutant

selection.

Antibiotics

Penicillin G (Nutritional Biochemical Corporation;

Cleveland, OH) was dissolved in phosphate buffer (pH 6.0).

The other antibiotics used in this study (Table 2.10) were

dissolved in distilled water. All were sterilized by

filtration through a 0.45 u Millipore filter and added to

sterile and cooled M17 broth or NFM. In the case of media

containing agar, the antibiotic was added after cooling to

45 C.

Purified nisin (37,000 units/mg) was purchased from

Aplin & Barrett Ltd.(Beaminster, Dorset, England). The other

antibiotics were obtained from Sigma Chemical Company

(ST.Louis, MO), except novobiocin (The Upjohn Company;

Kalamazoo, MI) and sodium cephapirin (Bristol Laboratories;

Syracuse, NY).

Bacterial Strains

Six fast strains were obtained from the culture
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collection at Oregon State University and included:

Streptococcus cremoris AM1, SK11G, C13, 290-P, U-134 and

108. Cultures were maintained in tubes containing 10 ml of

NFM and stored in the unincubated condition (1% inoculum) at

4 C. These were subcultured weekly following 16 hour

incubation at 21 C, to fresh NFM.

All inocula, unless otherwise noted, were from a freshly

coagulated NFM culture grown at 21 C.

Escherichia coli V517 (54) was obtained from E.

Lederberg, Plasmid Reference Center, Stanford University

School of Medicine, to be used as a reference strain in

plasmid profile determinations.

After each experiment, all the unwanted cultures (broth

and plates) were autoclaved before discarding, to prevent

any possible transfer of penicillin resistance to pathogenic

bacteria in the environment.

Mutant Isolation

Cultures were purified by streaking onto FSDA plates,

and a fast colony type was selected, to be used in mutant

isolation.

For each strain a 1% inoculum was made into 10 ml of M17

broth, and incubated at 30 C. The exponentially growing

cultures were centrifuged at 10,000 x g for 15 minutes and

resuspended in 0.1 M phosphate buffer (pH 6.5), at a
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concentration of about 5-8x10 8 cfu/ml. N-methyl-N-nitro-N-

nitrosoguanidine (NTG) (Aldrich Chemical Company, Inc.;

Milwaukee, WI) (64) was used for mutagenesis. Fresh

solutions of NTG in sterile distilled water were made for

each use, and applied without sterilization. The solutions

were checked for sterility by streaking samples on nutrient

agar plates (1). The NTG solution was added to the

resuspended cells to give a final concentration of 100 ug/ml

(11). The suspensions were incubatad for 30 minutes at 30 C.

This condition consistantly gave a 99% kill based on

viability counts (17). After exposure, the cells were washed

twice in 0.1 M phosphate buffer, resuspended in M17 broth

for 3 hours to allow mutant expression. The suspension was

then serially diluted and 0.1 ml portions were aseptically

transferred to sterile petri-dishes which were then poured

with 15-20 ml of sterile M17 agar (cooled to 45 C)

containing increasing concentrations of penicillin G ,

ranging from 0.1 to 2.0 ug/ml (lug=1.625 units). Non-

mutagenized parent cultures were also included to screen for

any naturally occuring resistant cells. Plates were

incubated at 30 C until growth appeared (usually 2-3 days).

Mutant colonies were selected and subcultured in M17 broth

containing 1.0 ug penicillin/ml. After 24 hours of

incubation at 30 C, the broth cultures were streaked onto

FSDA plates and incubated anaerobically (BBL Gas Pak) at 30

C for 48 hours. Fast acid producing colonies were selected
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and transferred to tubes of NFM. After coagulation had

occurred, fresh tubes of NFM were 1% inoculated and

incubated at 21 C for 16 hours to varify that fast isolates

were indeed obtained. Tubes of M17 broth containing

increasing concentrations of penicillin (ranging from 1.0 to

2.0 ug/ml) were inoculated (1%) with the fast mutant strains

and incubated at 30 C. If turbidity occurred, they were

transferred to fresh M17 broth, containing higher

concentrations of penicillin. This was repeated several

times to obtain higher penicillin resistant mutants.

Mutants were maintained in NFM and M17 broth, and were

transferred weekly to fresh media, in the presence and

absence of 2.0 ug penicillin/ml. Each penicillin resistant

mutant was designated by PR (e.g. PR-AM1).

Activity Tests

Tubes containing NFM with and without 2.0 ug penicillin

/ml were 1% inoculated with freshly coagulated NFM cultures

of all parent and mutant strains. The coagulation time at 21

C was determined.

Other activity tests included measuring the final pH

after 4 hours at 30 C from a 5% inoculum, and after 9 hours

at 21 C from a 1% inoculum.

Also tubes containing 10 ml pasteurized NFM were

inoculated with a 2% inoculum and incubated according to the
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Cheddar cheesemaking temperature profile described by Pearce

(69), except that rennet was not added and the pH was

measured directly after 5 hours. This was repeated with the

addition of 2.0 ug penicillin/ml to each tube. All trials

were run in duplicate.

Flavor

Flasks containing 100 ml pasteurized whole milk were

inoculated with a 2% inoculum of individual strains. After

16 hours incubation at 21 C they were organoleptically

evaluated to detect the development of any off-flavors.

Antibiotic Production

To check for any possible bacteriocin production, whey

from milk tubes coagulated with each strain was spotted onto

plates of M17 agar seeded with individual strains used in

this study. In addition all parent and mutant strains were

cross streaked against each other on M17 agar plates (93),

and incubated at 25, 30 and 37 C.

Optimum Growth Temperatures

Tubes containing M17 broth (autoclaved 15 minutes at 121

C) were inoculated with a 1% inoculum of M17 broth culture
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and incubated at 28, 30, 31, 32, 35 and 38 C (+/- 0.25 C).

Optical density (OD) readings were made periodically using a

Bausch & Lomb Spectronic 20 spectrophotometer set at 600 nm.

An uninoculated M17 broth tube incubated at each temperature

was used as blank.

Rate of Death at 39 C

Flasks containing 50 ml M17 broth were inoculated (1%)

with actively growing bacterial cultures and incubated at 30

C for 4 hours. The flasks were then incubated in 39 C water

bath (+/- 0.25), and 0.1 ml samples plated periodically on

M17 agar plates, to determine the rate of death at 39 C.

Generation Time

Flasks containing 100 ml of M17 broth (autoclaved 20

minutes at 121 C), were inoculated (1%) with M17 broth

cultures and incubated at 30 C (approximate optimum

temperature for strains examined). Standard plate counts

were made every 2 hours for the first 12 hours and then in 3

hour intervals until 18 hours. Generation times were

calculated using the equation: g = 0.693/k. Specific growth

rate (k) values were determined with the equation (50):

k = 2.303(log10X2 -log10X1)/(t2-t1)

in which X
2 and X

1
are cell counts at times (t), 8 and 0
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hours respectively.

Phage Sensitivity

The phage sensitivity test was done to determine if

parents and mutants were cross resistant to other phages or

if mutants had aquired new phage sensitivities compared to

the parent strains.

Tubes containing 3 ml of melted M17 overlay agar (89)

were cooled to 45 C and inoculated with 0.1 ml of overnight

M17 broth cultures. One drop of sterile 1.0 M calcium

chloride was added to each tube. These were poured on the

surface of prepoured M17 agar plates, allowed to harden and

spotted with one drop (ca. 0.05 ml) of bacteriophage

preparation diluted 103 and 105 pfu/ml. Plates were done in

duplicates for each phage-host combination, and incubated at

30 C for 24-48 hours after which they were examined for

plaque formation.

Phage Adsorption

Adsorption of phage to parent and mutant strains, was

measured by assaying for unadsorbed phage (90). M17 phage

stocks were diluted to 10 5 pfu/ml in M17 broth, and 0.1 ml

was added to an equal volume of the appropriate fresh

overnight culture (18 hour,22 C) in a centrifuge tube at 20
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C, and 2 drops of 1.0 M calcium chloride was added. At 5

minute intervals 10 ml of M17 broth was added, and the tubes

were centrifuged at 5000 x g for 10 minutes. The supernatent

was then immediately assayed for phage in duplicate using

M17 soft agar overlays seeded with the original parent

strain. The percent adsorption was calculated by difference

on the bases of the control assay (no bacteria tube).

Lysogeny

Parent and mutant strains were examined for lysogeny by

treatment with mitomycin C (MC) (Sigma), using the method

described by Reyrolle, et al.(72). Tubes of M17 broth were

inoculated with 3% overnight culture of each strain and

incubated at 30 C for 3 hours. MC was added in final

concentrations of 0.0, 1.0, 2.0, 3.0 and 4.0 ug/ml. Tubes

were furthur incubated over night at 30 C, after which

cultures were centrifuged at 5000 x g for 10 minutes and the

supernatants filter sterilized through a 0.45 um pore

membrane (Millipore MA). Each strain was treated as both a

potential indicator strain and a lysogen. Filtrates were

spotted onto M17 plates seeded with the individual strains

used in this study. Plates were incubated at 30 C for 24

hours, and examined for plaque formation.
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Production of Beta-lactamase

Pyridine-2-azo-p-dimethylaniline cephalosporin (PADAC)

(Calboichem-Behring Corp.) was used to detect beta-lactamase

production by the mutants (81). PADAC is a new 3-position

substituted chromogenic reagent which has a distinct color

change from purple to clear yellow as the beta-lactam ring

is hydrolyzed. The wave-length maxima are approximately 570

nm before hydrolysis, and 465 nm after being hydrolyzed by

beta-lactamase.

Stock solution of PADAC was prepared by dissolving 1 mg

of PADAC (powder) in 10 ml of 0.05 M Tris-HC1 buffer pH 7.3

at room temperature until OD570 = 6.0 (corresponding to

OD570=0.6 of a 1:10 diluted aliquot). The stock solution

(100 ug/ml) was divided into 2 ml portions and kept frozen

at -20 C until used. Under this condition the solutions are

stable for prolonged periods of time.

A standard curve was plotted between known

concentrations of a pure beta-lactamase (Sigma) preparation

dissolved in M17 broth, and the change in OD at 570 nm per

minute, when PADAC was added to the preparations to a final

concentration of 5 ug/ml (65). M17 broth was used as blank.

The concentrations of beta-lactamase used were 0.1, 0.5,

1.0, 1.5 and 2.0 units /ml.

To determine quantitatively the amount of beta-lactamase

produced by the mutants, 18 hour old cultures grown in 7.5
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ml M17 broth at 22 C were chilled, and blended for 90

seconds, to help release the enzymes that may be closely

bound to the cell. The cultures were then centrifuged 10,000

x g for 15 minutes. To the supernatant 0.375 ml of the stock

PADAC solution was added to give a final concentration of 5

ug/ml. The change in OD was followed immediately at 570 nm,

using M17 broth as blank. The amount of beta-lactamase

produced was then determined from the standard curve. The

cells (left from centrifugation) were washed twice with

distilled water and their dry weight determined. Parent and

mutant strains were tested for beta-lactamase production,

and trials were all made in duplicate.

PADAC paper strips (Calbiochem-Behring, Hoechst) were

also used to confirm the beta-lactamase production by

mutants. The strips were wetted with sterile water and a

visible amount of cells from colonies of the resistant

mutants (grown on M17 agar plates with 2.0 ug penicillin

/ml) were collected by a wire loop and rubbed onto the

surface of the purple PADAC reagent zone. The sensitive

parent strains (grown on M17 agar plates) were also examined

in the same manner. The strips were incubated at room

temperature and color change was read within 30 minutes

(usually 5-10 minutes).
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Degradation of Penicillin

A quantitative test to screen mutant cultures for

penicillin-inactivating enzyme was developed. Penicillin

degradation was followed in M17 broth and NFM. Tubes

containing both media with 2.0 ug penicillin/ml were

inoculated with the mutant strains (1% inoculum), and

incubated at 22 and 30 C. The amount of penicillin in the

tubes was determined at 0, 5, 15 and 30 hours, by using the

Bacillus stearothermophilus disk assay (3,15), in which 1/4

inch blank sterile disks were saturated with the sample and

placed on the surface of PM indicator agar plates seeded

with spores of B. stearothermophilus ATCC 10149 (1.0x103

spores/ml medium). The plates were then inverted and

incubated for 3.5 hours at 56 C (+/-1C), after which the

zone of inhibition around each disc was measured. Control

tubes containing 2.0 ug penicillin/ml (not inoculated) were

also included. The amount of penicillin left in each tube

was determined from a standard curve plotted between known

concentrations of penicillin G and corresponding zones of

inhibition on PM indicator agar plates. All results were

reported as mean of triplicate determinations.

Minimum Inhibitory Concentration Studies (MIC)

The MIC of penicillin G and 16 other antibiotics were
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determined by the tube dilution method for all parent and

mutant strains (26). A series of tubes containing suitable

dilutions of antibiotics in M17 broth (5 ml) was prepared,

and 0.1 ml of a stationary culture diluted 1:50 in medium,

was used as the inoculum (10 3 cfu/ml final density). The

tubes were incubated at 30 C and examined after 24 hours.

The MIC was determined from the first tube showing no

visible turbidity.

Plasmid Profile

For cell lysis, isolation of plasmid DNA and agarose gel

electrophoresis, the recently described method by Orberg,

and Sandine (67) was used, with the following modifications:

tris-sucrose buffer was added after 6.5 minutes of

incubation with lysozyme and mutanolysin at 37 C, and the

samples were immediately chilled for 2 minutes before

addition of triisopropylnaphthalenesulfonic acid. After

RNase treatment (20 minutes), the samples were extracted

with 200 ul chloroform:isoamyl alcohol (24:1), and 8 ul of

the aqueous phase used directly in electrophoresis.

Horizontal electrophoresis in 0.70% agarose gel was carried

out in submarine mode with buffer circulation for 4.5 hours.

The voltage employed was 3.0 V/cm. After electrophoresis the

gel was stained with ethidium bromide (0.5 ug/ml) for 30

minutes, destained in water for 15 minutes and photographed
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through an orange filter on a model C-63 Ultraviolet

Products transilluminator with polaroid type 47 film.

Plasmid mobilities were measured directly on photographic

prints. Molecular masses were determined from a double

logarithmic plot of mass versus relative mobility based on

E. coli V517 standards (54).

Stability of Resistance

The mutants were transferred (weekly) to fresh M17 and

NFM in the presence and absence of 2.0 ug penicillin/ml.

This was done not only to determine stability of resistance

to penicillin, but also to find out if beta-lactamase

production in these strains was constitutive or inducible.

Arginine Hydrolysis

The procedure of Nivin, et al.(62) was used to test

parent and mutant strains for the ability to produce ammonia

from arginine. The cultures were grown in Nivin's arginine

broth for 24 hours at 30 C, then tested with Nessler's

reagent (2) for the production of ammonia. One drop of

culture and one drop of Nessler's reagent were added on a

porcelain spot plate. The development of a deep orange to

brown precipitate indicated a positive reaction.
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King's Test

To test the ability of parent and mutant strains to

produce C4 compounds (i.e. diacetyl, acetylmethylcarbinol

and 2,3-butylene glycol), King's modification of Ritter's

alpha-naphthol test was adopted. To 2 ml of each culture, in

a wide mouth test tube, 1 ml of reagent A (30% aqueous

solution of KOH), and 1 ml of reagent B (4.0 g

alpha-naphthol, 10 ml amyl alcohol and 90 ml ethyl alcohol)

were added. The tubes were placed in a 30 C water bath and

shaken at intervals over a 30 minute period to incorporate

air. The intensity of the red-liliac coloration developed

provides a rough measure of the relative quantity of the C4

compounds (43).

Slime Production

Parent and mutant strains were tested for possible slime

production in NFM, M17 broth and on M17 agar plates.

Susceptibility to Penicillin

in Milk vs. M17 Broth

Tubes of M17 broth and NFM containing 2.0 ug penicillin

/ml were inoculated with actively growing parent and mutant

strains. The tubes were held at 21 C and samples plated on
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M17 agar plates after 0, 6, 12 and 18 hours, to determine

the viable counts in M17 vs. NFM. Tubes without added

penicillin were also included. All trails were done in

duplicate.

Phosphate Tolerance

M17 phosphate broth:

A stock solution of M17 broth was prepared by adding to

water all the ingredients needed except sodium-beta-

glycerophosphate. Phosphate solutions were prepared by

adding varied amounts of phosphate salts (K2HPO4 and

NaH2PO4) to water. Both stock solution and phosphate

solutions were autoclaved separately, cooled and mixed to

give final phosphate ion concentrations of 0.5, 1.0, 1.5 and

2.0%. Aliquots of 10 ml were pipetted into tubes and

inoculated (2%) with an overnight M17 broth culture of the

parent and mutant strains. Tubes were incubated at 30 C for

12 hours, after which pH values were recorded. All trials

were run in duplicate.

Phosphate milk:

NFM was prepared by reconstituting the nonfat dry milk

in water. Varied amounts of phosphate salts (K2HPO4 and

NaH2PO4) were added to water to prepare the phosphate

solutions. The NFM and the phosphate solutions were

autoclaved separately, cooled and mixed to give final
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phosphate concentration of 0.5, 1.0, 1.5 and 2.0%. Aliquots

of 10 ml were pipetted into tubes and inoculated (2%) with

parent and mutant strains. Tubes were incubated for 12 hours

at 30 C, after which pH values were recorded. All trials

were run in duplicate.
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Mutant Isolation
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Penicillin-resistant mutants were isolated for all

strains by NTG treatment and plating on M17 agar plates

containing 0.5 ug penicillin/ml. The selected colonies were

subcultured daily in M17 broth containing increasing

concentrations of penicillin. Fast colonies were then

isolated from FSDA plates. The strains when fully adapted to

the antibiotic and when incubated at 21 C, retained normal

flavor and developed acid in milk with up to 2.0 ug

penicillin/ml. The parent (sensitive) strains were

completely inhibited by 0.05 ug/ml. Table 2.1 lists parent

strains and their penicillin-resistant mutants used in this

study.

Morphology

Mutant strains PR-U-134 and PR-290-P were slightly

smaller in size than their parents. Other mutants were

morphologically similar to their parents.
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Activity Tests

When grown in absence of penicillin, all mutants were

able to coagulate NFM in 16-18 hours at 21 C, parent strains

were slightly faster (14.5-15.5 hours). But in presence of

2.0 ug penicillin /ml, mutants became relatively slower and

required 18-19 hours, whereas acid production by the parent

strains was completely inhibited. These results are shown in

table 2.2. However after each weekly transfer in NFM,

mutants became slower, until finally after the fifth

transfer all required >20 hours to coagulate NFM at 21 C

from a 1% inoculum.

Table 2.3 shows the activity of parent and mutant

strains grown at 30 C in NFM with regard to acid production

(change in pH) after 4 hours. In all cases mutants produced

less acid than parent strains. This was also the case after

9 hours at 21 C as shown in table 2.4.

Acid production by all strains under simulated cheese

making conditions was compared by the Pearce activity test.

Amount of acid produced varied with each strain, and was

always lower with the mutants, when no penicillin was

included. However, in the presence of penicillin (2.0

ug/ml), mutants were able to produce considerable amounts of

acid, whereas, the parent strains failed to produce any.

Results are presented in table 2.5.
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Flavor

Mutants did not differ organoleplically from their

parent strains. They all had a pleasant acceptable flavor in

whole milk.

Antibiotic Production

None of the strains examined were able to produce

bacteriocins, therefore being compatibile if grown as a

mixed culture.

Optimum Growth Temperatures

Figures 2.1 through 2.12 show growth characteristics of

parent and mutant strains in M17 broth over a temperature

range of 28 to 38 C. As shown in table 2.6 optimum

temperatures for parent strains were between 30 to 32 C,

whereas mutants had an optimum temperature of 32 C.

Rate of Death at 39 C

Plate counts made of cultures incubated at 39 C

(simulating Cheddar cheese cooking temperatures), revealed

that all resistant mutants were able to withstand 39 C

better than parent strains, which died off more rapidly.
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Results are shown in figures 2.13 through 2.15.

Generation Times

Generation times for parent and mutant strains grown in

M17 broth are listed in table 2.7. For parent strains it

ranged from 52 minutes (for strain C13) to 65 minutes (for

strain 290-P), while mutants had considerably longer

generation times, ranging from 70 minutes (for strain

PR-AM1) to 93 minutes (for strain PR-SK11G). Figures 2.16

through 2.18 shows the growth curves of all strains at 30 C

in M17 broth.

Phage Sensitivity

As seen in table 2.8 among all tested phages, none

proved effective in attaching both the parental and mutant

strains. Mutants PR-U-134, PR-290-P and PR-108 were

resistant to all tested phages.

Phage Adsorption

To determine whether the resistance of mutants to phages

that lysed their parent strains was due to inability to

adsorb phage (possibly through blockage or loss of receptor

sites), or due to some intracellular step in phage growth
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cycle, the adsorption of phage to bacteria grown in M17

broth was tested after various time intervals. Mutants did

not show significant alteration in their ability to adsorb

phage, indicating that phage resistance resulted from some

post-adsorption intracellular events, ie restriction

modification system. An exception to that was strain

PR-U-134 which failed to adsorb any phage, probably due to

loss of it's specific receptor sites. These results are

shown in table 2.9.

Lysogeny

Using all parent and mutant stains examined in this

study, phage induction with MC revealed no apparent

inducible phages in these strains.

Production of Beta-lactamase

Figure 2.19 shows the degradation of 5.0 ug PADAC/ml, in

M17 broth, when known concentrations of beta-lactamase were

added, and color change followed spectrophotometrically at

570 nm using M17 broth as blank. The relation between known

concentrations of enzyme and change in OD/minute, at 570 nm

is shown in figure 2.20. From this standard curve, the

amounts of beta-lactamase produced by mutants were

determined and expressed as units of enzyme/mg cell dry
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weight x 10-3, as shown in figure 2.21. Strains PR-AM1 and

PR-C13 produced the highest amounts of beta-lactamase, while

strain PR-SK11G produced the least amount. None of the

parent strains were able to produce the enzyme.

The ability of mutants to produce beta-lactamase was

further confirmed by using the PADAC paper strips. A

distinct color change from purple to yellow was an

indication of the production of this enzyme. Figure 2.22

shows such color change when strain PR-AM1 was assayed by

this method.

Degradation of Penicillin

Figure 2.23 shows the relation between known

concentraions of penicillin G in NFM held at 22 and 30 C for

up to 45 hours, and the corresponding inhibition zones on PM

indicator agar plates seeded with spores of B.

stearothermophilus ATCC 10149. From this standard curve the

amount of penicillin degraded by mutants in NFM and M17

broth after 30 hours of incubation at 22 and 30 C can be

determined. This timed quantitative study of penicillin

degradation as shown in figures 2.24 through 2.27 revealed

that, although some penicillin was inactivated within the

first five hours, a longer period was required for complete

inactivation.



58

Minimum Inhibitory Concentraions

The MIC values of the 17 antibiotics used in this study

are listed in table 2.10. As shown, parent strains were

extremely sensitive to beta-lactam antibiotics, including

penicillin G, carbenicillin, ampicillin and nafcillin,

whereas mutants were more resistant. However the non

beta-lactam antibiotics had almost the same inhibitory

effect on all strains, except for bacitracin and neomycin

sulphate which were more inhibitory to mutants than to

parent strains.

Plasmid Profiles

Plasmid profiles of strains used in this study are shown

in figure 2.28. Plasmid DNA in the covalently closed

circular (ccc) configuration will migrate through agarose

gel at a rate inversely related to its molcular weight (MW).

The MWs of the plasmid bands isolated were estimated by

preparing a standard curve based on the migration distances

of the E. coli V517 reference plasmids which were included

in the gel (60). The curve was prepared by plotting the

logarithm of migration distance versus the logarithm of MW

for each reference plasmid. The MW of uncharacterized bands

could then be estimated by reading their migration distances

against the standard curve. Some of the bands are very faint
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and only visible in the original photograph. This relates to

the copy number of the corresponding plasmids. From figure

2.28 and table 2.11 it can be seen that 4 of the mutants

lost all their parental plasmids. Only strain PR-290-P

gained an additional plasmid, while no change was seen in

strain PR-C13. Therefore it seems that beta-lactamase

production by these resistant mutants is chromosomally

specified and not plasmid mediated (except for strain

PR-290-P).

It is generally believed that the several initial steps

in the cellular utilization of lactose i.e. the transport of

lactose via the phosphoenolpvruvate phosphotransferase

system (PEP/PTS) are encoded on plasmid(s) (19), therefore,

the fact that 4 of the mutants lost their plasmids may

explain why they became slow after few transfers in NFM.

However this does not apply to strains PR-C13 and PR-290-P

which despite retaining all their parental plasmids, became

slow. In this case it could be due to the chromosomal

mutation induced by NTG (25), inactivating some of the genes

coding for lactose utilization and/or proteinase

production.

Stability of Resistance

Mutants maintained their resistance to penicillin G even

after 20 transfers in the absence of penicillin, in both
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NFM and M17 broth. As indicated earlier, 4 of the mutants

lost their plasmids, therefore resistance in such strains

must be chromosomally mediated.

Arginine Hydrolysis ; King Test ;

Slime Production

When grown in Nivin's broth and tested for arginine

hydrolysis, using Nessler's reagent, none of the strains

gave positive reaction.

Also, results obtained from King's test, indicated the

inability of strains to produce C4 compounds.

These results were not unexpected, since S. cremoris

(unlike S. lactis) is unable to hydrolyze arginine, and

(unlike S. diacetylactis) do not produce C4 compounds.

None of the strains produced slime (dextran) when grown

on M17 agar plates, or in liquid media.

Suseptibility to Penicillin

in Milk vs. M17 broth

Figures 2.29 through 2.34 show the growth of parent and

mutant strains in M17 broth and NFM in the presence and

absence of 2.0 ug penicillin/ml. The resistance of mutants

to penicillin was less pronounced in M17 broth compared to

NFM. This could be due to the organic phosphates present in
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M17 which accelerates the action of penicillin, thus

decreasing the concentration of the drug required for

lethality (85). Therefore in presence of penicillin,

mutant strains grown in NFM had higher cfu/ml than those

grown in M17 broth.

Phosphate Tolerance

Tables 2.12 and 2.13 show the pH values achieved by

various strains in NFM and M17 broth containing different

levels of phosphates. All mutants were less tolerant than

their parent strains to high phosphate levels in both

media.
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DISCUSSION

The purpose of this study was to investigate the

possibility of isolating and using beta-lactamase producing

mutants of S. cremoris, for cheese and milk fermentations,

when low levels of residual penicillin (left from mastitis

therapy) are present in milk. There also is the possibility

of using such mutants to inoculate bulk storage raw milk.

Such inoculation would not only serve to destroy penicillins

which may be present but would inhibit growth of

psychrotrophs.

The main problems caused by penicillin in cheese are

inhibition of acid production, difficulties with curdling

and natural cheese ripening (61). Studies indicate that

penicillins kill bacteria by inhibiting the terminal steps

of bacterial cell wall peptidoglycan synthesis. They react

with a variety of penicillin binding proteins in bacterial

cell wall membranes, some of which may be enzymes envolved

in the crosslinking of peptidoglycan strands (7).

The amount of penicillin in milk from a cow treated for

mastitis by intramammary infusion, varies between individual

cows and depends on the concentration used, the carrier or

vehicle employed in the antibiotic preparation, the amount

of milk drawn from the gland and the time interval between

treatment and milking (55). This concentration may be as

high as 0.14 units of penicillin/ml after 72 hours following
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the infusion (55).

The six mutants isolated in this study were found to be

less active with regard to acid production at 21 C and 30 C

as compared to their parent strains. Although the final pH

values reached in the Pearce activity test, in presence of

2.0 ug penicillin/ml, qualified them as fast strains, this

property did not last long , since all mutants became slow

after few transfers in NFM, and were unable to produce acid

at a satisfactory rate for commercial use. However this

problem could be overcome by continuous screening and

isolation of fast colonies, using the FSDA media.

Heterogeneity among lactic streptococci has been

previously reported (51), and was obviously seen among

strains used in this investigation, especially with regards

to acid production which changed upon repeated subculture.

As mentioned earlier, slow coagulating variants of the

mutant strains accumulated in the NFM cultures after 5-7

transfers. This could be due to the shorter lag phase these

variants have, compared to the fast cells, therefore,

growing faster and accumulating in NFM. It is known that

genes responsible for the synthesis of proteinases and

components of the lactose phosphotransferase system, prt and

lac respectively, are carried on plasmids (23,57). Strains

vary greatly in the rate with which they loose these

plasmids (51). This may explain the high level of

variability in milk coagulating ability that occurred among
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the penicillin-resistant mutants, which finally rendered all

to slow variants. However, mutant strains PR-C13 and

PR-290-P, although did not lose any of their plasmids, still

became slow. As mentioned earlier this could be due to the

effect of some chromosomal mutation induced by NTG, which

affected the expression of the prt and lac genes over a

period of time.

Although numerous reports appear in the literature on

the morphological changes in bacteria (mainly swelling and

elongation of cells) caused by penicillin (5,53),

microscopic examination of mutants grown in NFM and M17

broth in the presence of 2.0 ug penicillin/ml revealed no

detectable morphological difference compared to parent

strains, possibly because penicillin was degraded by

beta-lactamase, thus not allowing any morphological changes

to take place.

With regard to growth temperatures, all strains examined

in this study exhibited temperature optima in the range 30

to 32 C, and temperature maxima between 35 and 38 C (Figures

2.1 through 2.12). Since the standard cooking temperatures

used in Cheddar cheesemaking is above the optimum

temperature of these strains, all were regarded as

temperature-sensitive or non-bitter. The term bitter starter

applies to strains that survive the cooking temperature and

overgrow the non-bitter strains.

As revealed by relative mobilities using agarose gel
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electrophoresis, each parent strain of S. cremoris examined

in this study was shown to possess a distinct set of plasmid

molecules. However, no plasmid DNA was evident in the

electrophoretically analyzed lysates of four beta-lactamase

producing mutants, suggesting that the genetic determinants

for the production of this enzyme are integrated into the

chromosome. This would help to stabilize this property. The

mechanism for this integration is as yet unclear, and does

not apply to all mutants isolated. The presence of a

distinct band of DNA corresponding to chromosomal gel

mobility in all preparations indicated that lysis and DNA

extraction had been accomplished. However, absence of

plasmid DNA in 4 of the mutants does not entirely rule out

the plasmid mediated mechanism of antibiotic resistance,

since plasmid degrading enzymes or extraction procedures may

have accounted for the apparent absence of plasmid DNA,

especially since plasmids were detected in the other two

mutants. As shown in Figure 2.28, mutant strain PR-290-P

gained an additional 10 Mdal plasmid to which beta-lactamase

production may be attributed. Strain PR-C13, on the other

hand, maintained all the parental plasmids without gaining

any additional. In this case it is possible that chromosomal

integration of plasmid sequences coding for beta-lactamase

production had occurred. More likely is the possibility that

production of this enzyme was directly caused by NTG induced

chromosomal mutation which currently is thought to play the
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most important role in the origination of resistant strains

(61). Therefore, such chromosomal mutation could also be the

cause of resistance in the 4 plasmid-free beta-lactamase

producing mutants. Also, stability of resistance in these

mutants over a long period of time in the absence of the

antibiotic, support the possibility of chromosomal mutation

being responsible, since it helped stabilize this property.

Generally, mechanisms of resistance to antibiotics can

be divided into two broad classes: (a) those which alter

some cellular component such that the antibiotic either does

not interact normally with its target site within the cell

and (b) those which lead to chemical modification and

subsequent inactivation of the antibiotic (6).

Penicillin-resistance in gram positive bacteria has been

shown to be due to the presence of a beta-lactamase which

hydrolyzes the beta-lactam ring present in most penicillins

and cephalosporin antibiotics (76). Novick (63) found that

the genes for penicillinase synthesis in Staphylococcus

aureus were located on a plasmid, as a result of evidence

from transduction studies. The penicillinases on plasmids

have been shown to be inducible enzymes (with the exception

of a Bacillus cereus strain) (86). The various natural and

semisynthetic beta-lactam antibiotics differ in their

ability to induce the enzyme in S. aureus.

But not all beta-lactamases are determined by plasmids.

Chromosomally mediated beta-lactamases have also been



67

described in E. coli (6) and Bacillus lichenformis (10). In

recent years with the availability of chromogenic

cephalosporins (e.g. PADAC, nitrocefin and CENTA), assays

have shown that chromosomal beta-lactamases are very

widespread. In fact, they may occur in all bacteria (10).

Such chromosomal lactamases confer much lower levels of drug

resistance compared to plasmid mediated lactamases (75).

This may explain the relatively low levels of resistance in

the S. cremoris mutants isolated in this study.

Resistance to beta-lactam antibiotics resulting from

beta-lactamase enzyme activity depends on the nature of the

bacterial cell wall. In gram positive bacteria the barrier

to inflow of the antibiotic or outflow of the beta-lactamase

enzyme is relatively small. The beta-lactamase produced by

members of the population is free to enter the environment.

Resistance is achieved by the progressive destruction of the

beta-lactam antibiotic in the extracellular milieu. Under

these circumstances resistance is a population phenomenon,

where the total beta-lactamase activity produced by all

members of the bacterial population acts in a cumulative

fashion to destroy the antibiotic (10).

Of interest was the finding that mutants used in this

study were all resistant to methicillin which is known to be

one of the beta-lactamase resistant penicillins. It has been

reported that the locus for methicillin resistance may be on

a plasmid in some strains of S. aureus, but the evidence is
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not clear (22,40,82). Therefore resistance of mutants to

methicillin points to the possible presence of a

permeability barrier to this drug as the likely mechanism of

resistance. The barrier may in addition limit the entry of

penicillin and other beta-lactams in these resistant

mutants, thus accounting for the low yields of

beta-lactamase obtained from these strains. It would be

interesting to extend studies of the mutant organisms

isolated in this investigation and to study more extensively

the mechanism of penicillin resistance and degradation.

Radiolabelled antibiotics could be used to define more

clearly the nature of any possible barriers.

Although most penicillinases of gram positive bacteria

are inducible, whether chromosomally or plasmid mediated

(10), this did not apply to the mutants isolated in this

study, since they were capable of producing the enzyme even

in the absence of the antibiotic.

Quantitative microbiological determinations of

penicillin degradation as performed in this study, are

extremely sensitive when cultures are screened for degrading

enzymes. Thus the degradation of penicillin activity in

broth inoculated with resistant S. cremoris mutants confirms

the beta-lactamase activity in these strains. Such activity

has not been demonstarted previously in streptococci (4,34).

As shown, penicillin degradation was slightly more effective

in M17 broth compared to NFM. This difference could be due
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to the buffering activity of phosphates present in M17 broth

(85), which leads to increased enzyme activity (27).

The amount of beta-lactamase produced varied between

mutants. Strains PR-AM1 and PR-C13 produced the highest

amounts. Results obtained from the penicillin degradation

and beta-lactamase production experiments were consistant in

showing these properties. Strain PR-SK11G, however, produced

the lowest amounts of beta-lactamase. Such variations in the

amount of enzyme produced may depend on many factors, such

as, degree of expression or excretion of this enzyme, and

the possible lethality of its production when certain levels

in the cell are exceeded.

However, the inability of the resistant mutants to grow

in the presence of non-beta-lactam antibiotics indicates the

absence of degrading enzymes for these drugs. This finding

was not unexpected, since degrading enzymes for most of

these drugs have not been reported among streptococci. On

the other hand the reason for increased sensitivity of

mutants to neomycin sulphate and bacitracin remains unclear,

but it could be related to increased mutant permeability to

these drugs.

No attempts were made in this investigation to study the

possible involvement of PBPs in mutant resistance.

Resistance to beta-lactam antibiotics without detectable

beta-lactamase activity has been observed in many bacteria.

Clinical isolates of Streptococcus pneumoniae with low level
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resistance to beta-lactams, were shown to have PBPs with

reduced capability to bind penicillin (21). It is possible

that these proteins have lowered affinity for penicillin G,

cloxacillin and probably other antibiotics. Laboratory

derived mutants with modified PBPs have also been detected

(10,26). Although there have been reports of relatively low

levels of resistance among Streptococcus agalactiae (83) and

viridans group streptococci (8,24) none indicate

beta-lactamase production associated with resistance. The

absence of this phenotype may reflect an inability of these

bacteria to express or excrete beta-lactamase

alternatively, expression of the enzyme could be lethal to

the cells (12).

With regard to bacteriophage sensitivity, all mutants

exhibited different phage sensitivity patterns compared to

their parent strains. They prevented the development of

virulent phages for which their parents were permissive

hosts, and at the same time 3 of these mutants became a

normal host for phages to which their parent strains were

resistant. It has been previously reported that the

specificity of some host-phage relationships in lactic

streptococci changes when penicillin resistance is aquired

(73).

Initiation of the bacteriophage lytic cycle begins with

phage adsorption. Generally phages adsorb well (>80%) to

their homologous hosts and lytic development follows. But
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numerous heterologous phage-host crosses that demonstrate

efficient adsorption show no lytic development (60) or

limited lytic development at low plaguing efficiencies

(77,78). It is likely that this response is due to the

presence of restriction/modification systems (9,18,70,77),

other undefined defense mechanisms (78,79), or simply

failure of the adsorbing phage to replicate within the host.

This explains the efficiency of S. cremoris mutants (except

PR-U-134) for normal phage adsorption without showing any

lytic development. Strain PR-U134 was inefficient in phage

adsorption, therefore preventing the lytic development of

the phage.

In the lactic streptococci, adsorption reactions are

subject to considerable variations due to change in either

the bacterium or the phage (45). Alterations in the

adsorptive specificity of lactic bacteriophages that are

caused by mutation (35) or host-induced modification (41)

can elicit changes in the host range. Changes in the

capacity of the cell to adsorb phages can accompany the

transition of lactic streptococci from phage sensitive to

phage resistant. Numerous studies have reported resistant

mutants that do not adsorb phages which are capable of

adsorption to, and lysis of, the phage-sensitive parent

(14,44,52,66). In this regard, it has been shown that

changes in the adsorption properties of lactic streptococci

may, in some cases, involve acquisition or loss of plasmid
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DNA (20,78). Therefore when penicillin resistant mutant

strains PR-AM1 and PR-SK11G lost all their plasmid content,

these losses may have altered phage adsorption properties.

This in turn may have permited infection by a closely

related virulent bacteriophage previously blocked by a

plasmid. On the other hand acquisition of a new plasmid DNA

in mutant strain PR-290-P also changed the adsorption

properties of this strain.

Results obtained show that strains PR-U-134, PR-290-P

and PR-108 were resistant to lysis by phages examined in

this study. This does not necessarily mean that such strains

became totally resistant to phage, since they were assayed

with only a few phage types ; had other phages been used,

lysis might have occurred.

Mutant strain PR-C13, which retained all its parental

plasmids, was capable of complete phage adsorption and also

showed an altered phage sensitivity pattern. Such change in

phage sensitivity could be due to the effect of multiple and

closely linked chromosomal mutations induced by NTG (25).

Furthermore, plasmid involvement in the adsorption

specificity of the streptococcal cell could account for the

highly variable and unstable phage-host interactions

routinely observed throughout the lactic streptococci (45).

It is well known that adding a phosphate to sequester

calcium ions can help control phage infection of starter

cultures. This effect has been attributed to a requirement
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of calcium for the penetration of phage DNA into the

bacterial cells. Whether or not the phage or the bacterial

cells require the calcium for phage infection to proceed has

not been resolved (66). Therefore phage inhibitory media

containing soluble phosphates and citrates to chelate

calcium have been used for preparation of bulk starter for

commercial cheesemaking. High levels of phosphates present

in these media is known to cause injury to cultures,

resulting in deminished proteinase activity (49). NFM

supplemented with 1.0 and 2.0% phosphates, also result in

decreased proteinase activity. Results obtained in this

study, showed that acid production by all strains grown in

phosphated milk was greater than that observed in phosphated

broth, especially when high phosphate concentrations were

used. They showed lower acid production in buffered as

compared to control milk, or broth. In all cases mutants

were less tolerant to the phosphate activity especially at

higher concentrations as compared to their parents. This

makes them less satisfactory for propagation in commercial

phage inhibitory media.

Although optimum induction conditions (71) were

employed, no lytic phages were induced by any of the 12

mutant and parent strains examined. This does not exclude

the possibility of lysogeny ; had other indicator strains

been used, inducible phages might have been detected.

Lysogeny throughout the lactic streptococci has been
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well established (19,48). A majority of lactic streptococcal

strains harbor temperate phages that can be readily induced

by ultraviolet light, mitomycin C or heat, and in some

cases, induction can occur spontaneously (29,56,72). The

attention focused on the lysogenic nature of lactic

streptococci is based on the possibility that lytic phages

appearing in cheese plants originate from temperate

bacteriophages harbored by the starter cultures in use (48).

The practically universal incidence of lysogeny in the

lactic streptococci indicates that lysogenic strains may

serve as a reservoir of phages that are potentially able to

attach strains in mixed-strain starter cultures (29).

Therefore care must be excercised not to mix strains in

starter cultures that are sensitive indicators to temperate

phages which can be induced from other component strains of

the culture (45,47).

Development and use of antibiotic resistant strains may

be restricted to prevent resistance transfer to pathogenic

bacteria such as S. agalactiae which is a cause of bovine

mastitis. Nevertheless, resistant mutants such as those

isolated in this study could be of great value to the dairy

industry for overcoming the effect of very low levels of

penicillin residues in milk, that normally retard starter

activity. If such strains are added to cheese milk before

pasteurization, they not only degrade penicillin residues

but they themselves will be destroyed by pasteurization.
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Therefore transfer of resistance to undesirable pathogenic

bacteria will be minimized.

Furthermore, the mutants isolated in this study could

find application in inhibiting psychrotrophs while at the

same time degrading penicillins. Psychrotrophs, in the dairy

industry, are defined as those microorganisms able to grow

at 7 C or less regardless of optimum growth temperatures

(46,91,92). They include gram positive or negative bacteria

; long or short rods, cocci or vibrios ; sporeformers or

nonsporeformers aerobic, facultative anaerobic or

anaerobic microorganisms yeasts and molds (87).

Psychrotrophs belonging to the genus Pseudomonas are most

frequently encountered in raw milk (16,32,33,88). They

increase in number during cold-storage, leading to

deterioration and/or spoilage of milk and dairy products due

to their proteolytic and lipolytic activities which imparts

various off-flavors and odors to the products. Although it

is an illegal practice in the dairy industry to inoculate

bulk storage raw milk with lactic acid bacteria to inhibit

growth of psychrotrophs, mutants isolated in this study

could be used for such purposes, to reduce off-flavors and

other defects caused by psychrotrophs.
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Table 2.1. Parent strains of Streptococcus cremoris and
their penicillin-resistant mutants used in
comparative evaluations of mutant strain
characteristics.

PARENT MUTANT*

AM1 PR-AM1

SK11G PR-SK11G

C13 PR-C13

U-134 PR-U-134

290-P PR-290-P

108 PR-108

PR=Penicillin Resistant
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Table 2.2. Time in hours needed to coagulate non-fat milk
by parent strains and their penicillin-
resistant mutants at 21 C in the presence or
absence of penicillin.

STRAIN

PENICILLIN

NONE 2 tig/rrit

AM1 14.5 a

PRAM 1 16 18.5

SK11G 15

PR SK11G 16.5 19

C13 14.5

PRC13 16 18

U-134 15

PRU-134 16 18

290P 15 ......

PR-290P 16 18

108 15.5

PR-108 16.5 18

a = no coagulation
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Table 2.3. Comparison of acid production in nonfat milk by
parent strains and their penicillin-resistant
mutants after 4 hours of incubation at 30 C,
from a 5% inoculum.

STRAIN PH a A PH

AM1 5.31 1.17

PRAM1 5.61 0.87

SK11G 5.25 1.23

PRSK11G 5.68 0.80

C13 5.24 1.28

PRC13 5.64 0.84

U-134 5.28 1.20

PRU-134 5.58 0.90

290P 5.16 1.32

PR-290P 5.55 0.93

108 5.15 1.33

PR-108 5.51 0.97

CONTROL 6.48 0.00
(UNINOCULATED)

a The pH value is the mean for duplicate trails.
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Table 2.4. Comparison of acid production in nonfat milk by
parent strains and their penicillin-resistant
mutants after 9 hours of incubation at 21 C,
from a 1% inoculum.

STRAIN PH a A PH

AM1 4.92 1.56

PRAM1 5.25 1.23

SK11G 4.85 1.63

PRSK11G 5.37 1.11

C13 4.92 1.56

PRC13 5.20 1.27

U-134 4.84 1.64

PRU-134 5.32 1.16

290P 4.81 1.67

PR-290P 5.32 1.16

108 4.80 1.68

PR-108 5.29 1.19

CONTROL 6.48 0.00
(UNINOCULATED)

a The pH value is the mean for duplicate trails.
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Table 2.5. Final pH values achieved in nonfat milk after 5
hours of incubation according to the Cheddar
cheesemaking profile described by Pearce (2%
inoculum).

PH

STRAIN

PENICILLIN (1.tg/m1)

NONE 2.0

AM 1 5.07 6.60

PR-AM 1 5.43 5.48

SK11G 5.50 6.60

PR-SK11G 5.70 5.77

C13 5.40 6.60

PR-C13 5.55 5.57

U-134 5.35 6.60

PR-U-134 5.45 5.50
,

290-P 5.27 6.60

PR-290-P 5.39 5.50

108 5.13 6.60

PR-108 5.41 5.43

CONTROL 6.60 6.60
(UNINOCULATED)
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Table 2.6. Optimum growth temperature for parent strains
and their penicillin-resistant mutants.

STRAIN

AM1

PR-AM1
30

32

SK11G 31

PR-SK11G 32

C13 30
PR-C13 32

U-134 32
PR-U-134 32

290-P 30
PR-290-P 32

108 32
PR-108 32
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Figure 2.1. Growth of Streptococcus cremoris AM1 in M17
broth at 28 to 38 C.
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Figure 2.2. Growth of Streptococcus cremoris PR-AM1 in M17
broth at 28 to 38 C.
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Figure 2.3. Growth of Streptococcus cremoris SK11G in M17
broth at 28 to 38 C.
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Figure 2.4. Growth of Streptococcus cremoris PR-SK11G in
M17 broth at 28 to 38 C.
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Figure 2.5. Growth of Streptococcus cremoris C13 in M17
broth at 28 to 38 C.
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Figure 2.6. Growth of Streptococcus cremoris PR-C13 in
M17 broth at 28 to 38 C.
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Figure 2.7. Growth of Streptococcus cremoris U-134 in M17
broth at 28 to 38 C.
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Figure 2.8. Growth of Streptococcus cremoris PR-U-134 in
M17 broth at 28 to 38 C.
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Figure 2.9. flrowth of Streptococcus cremoris 290-P in M17
broth at 28 to 38 C.
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Figure 2.10. Growth of Streptococcus cremoris PR-290-P in
M17 broth at 28 to 38 C.
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Figure 2.11. Growth of Streptococcus cremoris 108 in M17
broth at 28 to 38 C.
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Figure 2.12. Growth of Streptococcus cremoris PR-108 in
M17 broth at 28 to 38 C.



10

8

6

4

2

94

0 2 4

HOURS
6

Figure 2.13. Comparison of death rates for Streptococcus
cremoris strains AM1 and SMUG, and their
penicillin resistant mutants PR-AM1 and
PR-SK11G when inoculated in M17 broth at 39 C.
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Figure 2.14. Comparison of death rates for Streptococcus
cremoris strains C13 and U-134, and their
penicillin resistant mutants PR-C13 and
PR-U-134 when inoculated in M17 broth at 39 C.
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Figure 2.15. Comparison of death rates for Streptococcus
cremoris strains 290-P and 108, and their
penicillin-resistant mutants PR-290-P and
PR-108, when inoculated in M17 broth at 39 C.
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Table 2.7. Generation times of parent and mutant strains of
Streptococcus cremoris grown at 30 C in M17
broth

STRAIN G (MIN)

AM1
PR-AM1

55

70

SK11G 58
PR-SK11G 93

C13 52

PR-C13 72

U-134 63

PR-U-134 80

290-P 65

PR- 290--P 79

108 60
PR-108 81
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Figure 2.16. Growth of Streptococcus cremoris strains AM1
and SK11G, and their penicillin-resistant
mutants PR-AM1 and PR-SK11G in M17 broth at
30 C.
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Figure 2.17. Growth of Streptococcus cremoris strains C13
and U-134, and their penicillin resistant
mutants PR-C13 and PR-U-134 in M17 broth at
30 C.
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Figure 2.18. Growth of Streptococcus cremoris strains
290-P and 108, and their Penicillin resistant
mutants PR-290-P and PR-108 in M17 broth at
30 C.



Table 2.8. Phage sensitivity patterns of Streptococcus cremoris strains and their
penicillin-resistant mutants, when spot assayed with 10' and 10-'
dilution of the phage stock. Block symbol indicate lysis.

STRAIN

AM1

PRAM 1
SK11G

PRSK 11G

C13

PRC13
U-134
PRU-134
290P
PR-290P
108

PR-108

0AM1a 0 SK11Gb 0 C13 c 0 U-134d 0290Pe 0 108 f

10-2 10-3 10-2 10-3.10-2 10-3 10-2 10-3 10-2 10-3 10-2 10-3

, -T,
1.

)

I V7

. . ..1

Stock titers were: a: 6x107, b: 109, c: 4x109, d: gx107, e: 109, f: 7x107 pfufml.



Table 2.9. Phage adsorption (%) by the penicillin resistant mutants of Streptococcus
cremoris after various time intervals.

TIME (min)
STRAIN PHAGE 0

*
15 30 45 60 75 90 105 120

PR-AM1 AM1 0.0
,

30.0 75.0
,

98.2 99.45 99.94 100 100 100

PR-SK11G SK11G 0.0 74.5 98.94 99.97 99.98 100 100 100 100

PR-C13 C13 0.0 43.8 71.9 98.7 99.5 99.99 100 100 100

PR-U-134 U-134 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

PR-290-P 290-P 0.0 37.7 92.3 97.7 99.2 99.7 99.98 99.99 100

PR-108 108 0.0 33.3 55.6 98.1 99.56 99.96 99.99 100 100
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Figure 2.19. Degradation of PADAC (5 ug/ml in M17 broth)
by known concentrations of beta-lactamase at
25 C.
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Figure 2.20. Standard curve showing known concentrations
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Figure 2.21. Units of beta-lactamase enzyme produced by
the penicillin-resistant mutants of
Streptococcus cremoris in M17 broth.



BEFORE AFTER

POSITIVE

POSITIVE

NEGATIVE

STRAIN

PR-AM1

STRAIN AM1

106

Figure 2.22. PADAC paper strips used for direct detection
of beta-lactamase production by the penicillin
resistant mutants of streptococcus cremoris
(e.g. PR-AM1). A visible amount of cells from
colonies of the test organism were rubbed onto
the wet surface of the purple PADAC reagent
zone. After approximately 5-10 minutes of
incubation at 25 C a distinct color change
from purple to yellow occured as the beta-
lactam ring was hydrolyzed by heta-lactamase.
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Figure 2.23. Standard curve showing penicillin concentrat-
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Figure 2.24. Penicillin (2.0 ug/ml) degradation by
penicillin-resistant mutants of Streptococcus
cremoris (1% inoculum) in nonfat milk at 22 C
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Figure 2.25. Penicillin (2.0 ug/ml) degradation by
penicillin-resistant mutants of Streptococcus
cremoris (1% inoculuri) in nonfat milk at 30 C
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Figure 2.26. Penicillin (2.0 ug/m1) degradation by
penicillin-resistant mutants of Streptococcus
cremoris (1% inoculum) in M17 broth at 22 C.
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Figure 2.27. Penicillin (2.0 ug/ml) degradation by
penicillin-resistant mutants of Streptococcus
cremoris (1% inoculum) in M17 broth at 30 C.



Table 2.10. Minimum inhibitory concentration of selected antibiotics for the parent
(P) strains of Streptococcus cremoris and their penicillin-resistant
(PR) mutants in M17 broth at 30 C.

ANTIBIOTIC CONCENTRATION (4/m1)

ANTIBIOTICS
TESTED

AM1 SKIIG C13 U-134 290-P 108p -.E..
A

PR
PENICILLIN GN 0.05 2.5

_LI
D.05 2.5

-L. .f..1
0.05 2.5

.....E. -La
0.05 2.5

-I- -El
0.05 2.5

....P..
0.05 2.5

CARBENICILLIN 2.0 4.0 1.5 2.0 1.8 5.0 1.8 4.5 1.8 2.0 2.0 5.0

METHICILLIN 118 5.0 0.8 5.0 0.8 5.0 0.6 4.0 0.5 0.8 0.8 5.0

CLOXACI LL IN* 0.5 2.5 0.5 2.0 0.5 2.5 0.4 2.5 0.5 0.5 0.4 2.5

AMPICILLINN 0.2 2.0 <.2 1.8 0.2 2.0 0.2 1.8 0.2 0.2 0.2 2.0

NAFCILLIN 1.0 5.0 1.0 5.0 1.0 5.0 0.8 4.5 0.8 1.0 1.0 5,0

NEOMYCIN SO4* 4.5 2.0 4.5 2.0 4.5 2.5 4.0 3.0 4.0 4.5 4.5 2.5

STREPTOMYCIN SO4* 7.0 7.0 4.0 4.0 3.0 3.0 12.0 12.0 4.0 7.0 7.0 7.0

CHLOROTETRACYCLINE* 0.5 0.6 0.6 0.6 .08 0.8 0.8 0.8 1.0 0.5 0.6 0.6

TETRACYCLINE* 0.4 0.4 0.3 0.3 .04 0.4 0.5 0.4 0.4 0.4 0.7 D.7

OXYTETRACYCLINE HCL 0.6 0.6 0.4 0.4 0.4 0.5 0.3 0.3 0.6 0.6 0.4 0.4

NISIN 0.5 0.5 1.5 1.5 0.2 0.2 0.5 0.5 0.5 0.5 0.4 0.4

BACITRACIN* 5.0 2.5 5.0 2.5 4.5 3.0 6.0 2.5 2.5 5.0 5.0 2_5

NOVOB IOC IN* 6.0 6.0 6.0 6.0 6.0 6.5 6.0 5.5 6.5 6.0 6.5 6.0

NIA CEPHAPIRIN* 12.0 12.0 11.0 10.0 12.0 11.0 12.0 12.0 10.0 12.0 11.0 11.0

SULFAMET HAZ I N 12.0 12.0 13.0 13.0 12.0 12.0 13.0 13.0 12.0 12.0 12.0 13.0

ERYTHROMYCIN', 2.0 2.0 1.8 2.0 1.8 1.8 1.5 1.5 2.0 2.0 2.0 2.0

W Antibiotics currently used in mastitis therapy.



113

3 4 5 6 7 8 9 10 11 12 13 14_

Figure 2.28. Plasmid profiles of six strains of
Streptococcus cremoris and their penicillin-
resistant mutants. Lanes 2 and 3 contain AM1
and PR-AM1 respectively. Lanes 4 and 5 contain
SK11G and PR-SK11G respectively. Lanes 6 and 7
contain C13 and PR-C13 respectively. Lanes 8
and 9 contain U-134 and PR-U134 respectively.
Lanes 10 and 11 contain 290-P and PR-290-P
respectively. Lanes 12 and 13 contain PR-108
and 108 respectively. Lanes 1 and 14 contain
E. coli V517. The band marked by an arrow
represents chromosomal DNA and is common in
all the strains examined.
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Table 2.11. Molecular masses (megadaltons) and number of
plasmids in six strains of Streptococcus
crernoris and their penicillin-resistant
mutants.

STRAIN

NUMBER OF
PLASMIDS

MOLECULAR MASSES

(meaadaltons)

AM1 4 6.7, 9.6, 13.7, 30
PRAM1 0

SKI 1G 3 6.5, 13.5, 29
PRSK11G 0

C13 5 6.7, 9.6, 13.7, 23, 29
PRC13 5 6.7, 9.6, 13.7, 23, 29

U-134 4 7.0, 15.5, 23, 29
PRU-134 0

290P 4 7.0, 15.5, 23.5, 30
PR-290P 5 7.0, 10, 15.5, 23.5, 30

108 5 7.0, 10, 15.5, 18, 23.5
PR-108 0
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Figure 2.29. Growth of Streptococcus cremoris AM1 and its
penicillin-resistant mutant PR-AM1 in M17
broth and nonfat (NFM) milk at 21 C in the
presence and absence of penicillin (2.0 uq /ml)
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Figure 2.30. Growth of Streptococcus cremoris strain SK11G
and its penicillin-resistant mutant PR-SK11G
in M17 broth and nonfat milk (NFM) at 21 C in
the presence and absence of penicillin (2.0
ug/m1).
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Figure 2.31. Growth of Streptococcus cremoris C13 and its
penicillin-resistant mutant PR-C13 in M17
broth and nonfat milk (NFM) at 21 C in the
presence or absence of penicillin (2.0 ug/ml)
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Figure 2.32. Growth of Streptococcus cremoris U-134 and
its penicillin-resistant mutant PR-U-134 in
M17 broth and nonfat milk (NFM) at 21 C in
the presence and absence of penicillin (2.0
ug/ml).
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Figure 2.33. Growth of Streptococcus cremoris 290-P and
its penicillin-resistant mutant PR-290-P in
M17 broth and nonfat milk (NFM) at 21 C in
the presence and absence of penicillin (2.0
ug/ml).
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Figure 2.34. Growth of Streptococcus cremoris 108 and its
penicillin-resistant mutant PR-108 in M17
broth and nonfat milk (NFM) at 21 C in the
presence and absence of penicillin (2.0
ug/ml).
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Table 2.12. Growth responses of Streptococcus cremoris
parent and mutant strains (2% inoculum) grown
in nonfat milk (NFM) containing different
levels of added phosphates.

PH AFTER 12 HR AT 30° C

% PHOSPHATE AS (PO4)

STRAIN 0 0.5 1.0 1.5 2.0

AM1 4.39 4.62 4.87 5.29 5.82

PR-AM1 4.61 4.83 5.04 5.86 6.63
,

SK11G 4.49

4

4.68 5.00 5.65 6.22
PR-SK 1 1G 4.88 4.98 5.97 6.29 6.73

- -
C13 4.46 4.62 4.89 5.47 6.15
PR-C13 4.67 4.95 5.55 5.91 6.68

,

U-134 4.53 4.67 4.92 5.65 6.26

PR-U-134 4.78 4.97 5.95 6.38 6.69

290-P 4.59 4.77 5.01 5.55 6.45
PR-290-P 4.85 4.92 6.21 6.32 6.68

108 4.48 4.68 4.85 5.31 5.78

PR-108 4.70 4.83 5.28 5.91 6.28

CONTROL
UN INOCULATED) 6.48 6.78 6.78 6.78 6.78
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Table 2.13. Growth responses of Streptococcus cremoris
parent and mutant strains (2% inoculum) grown
in M17 broth containing different levels of
added phosphates.

STRAIN

PH AFTER 12 HR AT 30° C

% PHOSPHATE AS (PO4)

0 0.5 1.0 1.5 2.0
,

AM 1 4.25 4.45 5.49 6.11 6.35
PR-AM1 4.51 4.91 6.15 6.65 6.8

SK11G 4.40 4.64 5.55 6.18 6.42

PR-SK11G 4.83 5.32 5.86 6.79 6.88

C13 4.30 4.70 5.61 6.22 6.44
PR-C13 4.62 4.91 6.39 6.61 6.82

,

U-134
.

4.40 4.76 5.69 6.15 6.33
PR-U-134 4.69 4.99 6.18 6.53 6.88

, -
290-P 4.35 4.56 5.61 6.13 6.36
PR-290-P 4.68 4.98 6.28 6.80 6.86

108 4.25 4.46 5.50 6.13 6.33
PR-108 4.54 4.79 5.97 6.35 6.75

a Ai

CONTROL
JNINOCULATED) 5.44 6.80 6.82 6.83 6.85
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ABSTRACT

Nisin production by four strains of Streptococcus lactis

grown in an internal pH-contolled medium (PHASE 4), nonfat

milk, M17 broth and an external pH-controlled whey base

medium was compared. In all cases strains grown in PHASE 4

produced higher concentrations of nisin.
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INTRODUCTION

is a polypeptide antibiotic with a molecular

weight of approximately 6,800 (3) produced by certain

strains of Streptococcus lactis. Among antibiotics nisin has

the unique function of being used as a food preservative,

with nearly 30 countries now permitting its use in various

foods (6). Its first food use was apparently that of Hirsch

et al.(4) who used the compound to prevent spoilage of Swiss

cheese by Clostridium butyricum.

A review of the numerous publications on the uses of

nisin reveals it to be an excellent preservative and in many

ways an ideal antibiotic for food use. Among its many

advantages are the following: (a) it is non toxic ; (b) it

is produced naturally by desirable organisms ; (c) it is

heat stable ; (d) its storage stability is excellent even

though not indefinite ; (e) it is destroyed by digestive

enzymes ; (f) it does not contribute off-flavors, odors, or

colors to products ; (g) it is not suitable for medical uses

; (h) it is not used in animal feed ; (0 it has a narrow

spectrum which limits its indiscriminate uses. It has been

found to be effective in a variety of foods such as canned

goods, fruits, vegetables, meats, fish, soups, evaporated

milk, chocolate milk, cream and butter (2,7).

An interesting use of nisin-producing starters has been

developed by Lipinska (8) to replace the use of nitrite in
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cheese making, and by Rayman (10) for meat preservation.

Although there is a potential use for nisin in fermented or

acidified meats, according to Rayman (11) it does not appear

to be a suitable alternative or adjunct to nitrite in

preserving cured meats, since at the pH of most cured meat

products, outgrowth of Clostridium botulinum spores is not

inhibited by nisin or any combination of nisin and nitrite.

Scott and Taylor (14) suggested that the reduced activity of

nisin in cooked meat medium was caused by binding of nisin

to meat particles. But recently, Taylor et al.(15) reported

that 100 or 250 ppm nisin added together with 120 ppm

nitrite was very effective in delaying the botulinal toxin

formation in chicken frankfurter emulsions.

As of December 1979, its use was not allowed in North

America. In 1966, the United States Food and Drug

Administration (FDA) rejected applications for the use of

nisin in canned foods, probably for the reason that some

essential information about it was missing. Currently a

petition to allow the use of nisin in certain food products

is pending before the FDA. Also, a greater awareness has

developed of the risks of feeding antibiotics to farm

animals (1).

Nisin is evidently very different from the antibiotics

used in medical and veterinary practice and it has not been

used for purposes of growth promotion. It might be better to

call nisin a biological food preservative and class it
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together with lactic or acetic acid and hydrogen peroxide,

the other antibacterial products of lactic streptococci (6).

In the developed countries nisin can be used as an adjunct

to heat-processing. Some evidence exists that spores become

injured and more heat-sensitive when nisin is present, and

spores that survive heating may become more nisin-sensitive.

Provided that residual nisin remains in the food after

heating, the development of these spores can be prevented.

Products thus treated could attain "commercial sterility"

with less heat treatment. The consumer would benefit from

products that, due to milder heating, would have improved

nutritional value, flavor, texture and appearance, and the

saving in energy would be an important consideration to the

processor (6).

The study reported herein compares the amounts of nisin

produced by different strains of S. lactis when grown in

four different media.
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Four nisin producing strains of S. lactis (1402, 1403,

1404, 1251) were obtained from the National Institute for

Research in Dairying, Shingfield, Reading, England. Cultures

were maintained in tubes containing 10 ml NFM and stored in

the unincubated condition (1% inoculum) at 4 C. These were

transferred weekly to fresh NFM after 16-18 hours incubation

at 21 C.

Micrococcus flavus NCIB 8166 was the assay organism

used. It was maintained by subculturing on slopes of the

assay medium and incubating at 30 C for 48 hours. Prepared

slopes were stored at 4 C until used, up to a maximum of 14

days. When required for use, the growth on the slope culture

was suspended with 7 ml of normal saline solution.

Media

The four media used for growing the nisin producing S.

lactis strains were: (a) PHASE 4, a commercially available

internal-pH-controlled medium (Galloway West, Fond du Lac,

WI) (13). It was reconstituted (75 g/liter) in tap water and

pasteurized by steaming for 15 minutes ; (b) Instant Peake

nonfat milk (NFM) (Galloway West, Fond du Lac, WI),
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reconstituted at 11% solids and autoclaved at 121 C for 12

minutes ; (c) M17 broth (6) autoclaved at 121 C for 20

minutes ; (d) Stimilac, an external-pH-controlled whey based

medium (12) pasteurized for 45 minutes at 88 C.

The assay medium used containd: peptone, 10 g ; beef

extract, 3 g ; sodium chloride, 3 g ; yeast extract, 1.5 g ;

brown sugar, 1 g ; agar, 15 g ; distilled water 1000 ml

(17).

Nisin Standards

Purified nisin (37,000 international units/mg) was

obtained from Aplin & Barrett Ltd. (Beamister, Dorset,

England). Nisin standards were prepared by suspending 0.1 g

of pure nisin in 80 ml 0.02 N HC1 acid. The suspension was

then heated in a boiling water bath at 98 C for 5 minutes

and cooled rapidly to 20 C (5). After 2 hours standing at

room temperature, the suspension was diluted with 0.02 N HC1

acid to give the required concentrations.

Preparation of Assay Plates

and Standard Curve

The plate diffusion assay of nisin as described by

Tramer and Fowler (17) was adopted. The prepared assay

medium was melted and cooled to approximately 50 C. Two
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percent of a 1:1 mixture of Tween 20 and sterile distilled

water, previously held for 20-30 minutes at 48 C, was added

and thoroughly mixed with the medium. The use of Tween 20

facilitated the diffusion of nisin through the agar. The

suspension of the test organism was diluted 1 in 10 with

normal saline solution and 2 ml portions of this dilution

were added to each 100 ml of melted medium at 48 C with

thorough mixing. The inoculated medium was poured to a depth

of 3-4 mm into sterile petri dishes and allowed to solidify.

The plates were then inverted and stored at 4 C for one hour

to facilitate the boring of holes. A sterile hollow steel

borer, 8 mm in diameter, was used to cut the required number

of holes in the solidified medium. Uniform quantities (0.09

ml) of known standard nisin solutions were delivered into

the holes. The plates were then refrigerated overnight to

permit nisin diffusion into the agar (6), and then incubated

at 30 C to enable the growth of the test organism and to

develop the zones of inhibition. Next day diameters of the

inhibition zones were measured and a standard curve was

plotted between inhibition zones and the log of nisin

concentrations used (Figure 3.1).

Culture Growth

and Nisin Determination

Flasks containing 100 ml of PHASE 4, NFM and M17 broth
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were prepared. The Stimilac whey based medium was placed in

a 1.0 liter chemostat with 600 ml working volume. All four

media were 1% inoculated with an actively growing milk

culture of each strain. The whey based medium was

periodically neutralized with 0.1 M ammonium hydroxide.

Incubation was at 30 C for 18 hours, after which a 10 ml

volume of each culture was centrifuged, the supernatant

filter sterilized and tested for nisin content against the

assay organism as described earlier for the nisin

standards.
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RESULTS AND DISCUSSION

The amount of nisin produced by each culture in the

different media as determined from the standard curve is

given in Table 3.1. In all cases the amount of nisin

produced in PHASE 4 was greater than in the other media.

PHASE 4 medium is a blend of sweet dairy whey, autolyzed

yeast, and phosphate-citrate buffers. The buffering

ingredients are gradually released as the pH reaches

5.1-5.2. At that pH, enough buffer will be released to react

with the free hydrogen ions and prevent the pH from going

any lower (9). Since the bacteria are not injured, they

continue to multiply and produce more nisin. Therefore

higher yields are obtained with PHASE 4 compared to other

media, even the whey-based medium which was neutralized

externally by periodic addition of ammonium hydroxide.
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Figure 3.1. Zones of inhibition produced by known concen-
trations of nisin in 0.02 N hydrochloric acid.
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Table 3.1. Amounts of nisin produced (IU/m1) by four
strains of Streptococcus lactis in four diff-
erent media.

STRAIN

MEDIUM

PHASE 4 M17 N F M
WHEY
BASE

1402 2500 1050 1900 1900

1403 1900 1400 740 1400

1404 1050 600 740 74

1251 2500 1400 74 740

IU/ml from standard curve.
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ABSTRACT

Arginine negative (Arg-) mutants of Streptococcus lactis

C10, 401 and 406 were isolated after treatment with

ultraviolet (UV) light. Mutants retained all the

characteristics of their parent strains. They demonstrated

the ability to grow at 40 C and in media with 4% sodium

chloride, as well as growth at pH 9.2. The results suggest

no linkage of the arginine hydrolysis trait to any plasmid.

Use of these mutants in Cheddar cheese-making does not

overcome possible bitter flavor development in cheese.
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INTRODUCTION

Bitterness has long been recognized as a major defect in

Cheddar cheese (14). Recently, it has been suggested (15)

that rennet produces high molecular weight (MW) peptides,

which are predominantly non-bitter and are further

hydrolyzed by starter enzymes to bitter peptides. The

presence or absence of bitterness in cheese depends upon

such manufacturing conditions as cooking temperature, as it

affects the particular starter strain being used, and the

level of phage reached during manufacture. These factors

determine the ability of the starter to multiply to high

cell densities and hence to produce a bitter flavor (14). In

Cheddar cheesemaking

not multiply rapidly

well at temperatures

a non-bitter starter is one

at temperatures

of 35 C or less

that does

of 37-38 C, but grows

(13). Such properties

apply to starters consisting predominantly of Streptococcus

cremoris organisms (32). Streptococcus lactis, on the

hand, is capable of growing and multiplying at 40 C

corresponds to Cheddar cheese cooking temperatures.

The only major characteristic now used to distinguish

between S. cremoris and S. lactis organisms is arginine

deaminase activity (34). Ayres, et al.(3) were the first to

study systematically the production of ammonia by

Streptococcus and point out the value of this characteristic

as an aid in differentiating species within this genus.

other

which
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Sherman (30) greatly clarified the status of S. lactis and

S. cremoris by pointing out the clear physiological

differences between them. The outstanding distinction shown

was the ability of S. lactis to produce ammonia from

peptone, while S. cremoris was unable to effect this

reaction (29). Nivin, et al.(21) later devised a suitable

test medium for arginine hydrolysis and demonstrated its

value in differentiating between the two strains. Turner, et

al.(33) developed an agar medium incorporating L-arginine

and 2,3,5-triphenyltetrazolium chloride, which separated S.

lactis and S. cremoris by the color difference of the

colonies, the former producing red and the latter white

colonies on this agar.

Mikolajcik (18) described a broth in which arginine

hydrolysis could be demonstrated by incorporating an acid

base indicator. Recently, Pearce (26) developed a

differential medium (SALT) for lactose fermenting and

non-fermenting lactic streptococci which could also

distinguish S. lactis from S. cremoris colonies.

The present study was carried out to determine if the

ability of S. lactis to hydrolyse arginine is related to

some other properties of this organism, such as, ability to

grow and multiply at Cheddar cheese-cooking temperatures.

The Arg- mutants induced by UV light treatment were further

characterized and studied comparatively to their parent

strains, to determine their suitability for Cheddar cheese
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manufacture. Examining the plasmid profiles of these mutants

as well as their parent strains, suggested no linkage

between the arginine hydrolysis trait and any of the

plasm ids.
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Five strains of Streptococcus lactis were obtained from

the culture collection at Oregon State University. They were

strains C10, 401, 406, BA-1 and BA-1RM. Each culture was

purified by streaking onto Fast-Slow Differential Agar

(FSDA) (9,28) for selection and culturing of a fast colony

type for use in this investigation.

Escherichia coli V517 (16) was obtained from E.

Lederberg, Plasmid Reference Center, Stanford University

School of Medicine. Its plasmids were used as mobility

reference standards during agarose gel electrophoresis.

Media and Culture Maintenance

Sterile 11% reconstituted nonfat milk (NFM ; Galloway

West Co., Fond du Lac, WI) was used throughout this study.

All cultures were maintained in tubes containing 10 ml of

NFM, and transferred (1%) weekly, following 16 hours of

incubation at 21 C to fresh NFM, and stored unincubated at 4

C.

Korzenovsky and Werman (K and W) medium (12) was used

for growing the cultures before mutagenesis. This medium

contained per liter of distilled water, yeast extract, 10.0
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g ; glucose, 2.2 g ; K2HPO4, 6.7 g ; L-arginine-HC1, 2.5 g.

The pH was adjusted to 6.8.

Nivin's broth (21) was used to test the ability of

parent and mutant strains to produce ammonia from arginine.

Modified SALT agar (26), and arginine-TTC agar plates

(33) were used to select for Arg- mutants of S. lactis. The

composition of these media are given in tables 4.1. and 4.2.

respectively.

M17 broth (31) was used for propagating E. coli V517,

and other strains used in this study, for plasmid DNA

isolation.

Mutant Isolation

For each strain a 1% inoculum was made into 10 ml of K

and W broth, and incubated at 30 C for 5 hours (turbidity of

0.3-0.4). The exponentially growing cultures were

centrifuged at 10,000xg for 15 minutes and resuspended in

0.1 M phosphate buffer (pH 6.5), at a concentration of about

2-3x10 6 cfu/ml. Two ml of each suspension was transferred to

a sterile petri-dish (10 by 90 mm), and irradiated with UV

light for a timed period with constant swirling (100 rpm).

The rest of the suspensions were chilled and saved for

mutagenization with N-methyl-N-nitro-N-nitrosoguanidine

(NTG) (Aldrich Chemical Company, Inc., Milwaukee, WI) (22).

For UV treatment, time exposures of 30, 60, 90 and 120
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seconds were applied. The UV source was a pair of General

Electric 15-Watt germicidal lamp emitting 160 ergs/mm2 at

distance of 20-cm from the plates. Irradiated cells were

transferred to cold (4C) 0.1 M phosphate buffer (pH 6.5) and

kept in the dark for 90 minutes to prevent

photoreactivation, and to allow for mutant expression. Both

mutagenized, and untreated cultures were diluted with

phosphate buffer, and 0.1 ml portions streaked on prepoured

SALT, and arginine-TTC agar plates. Plates were incubated at

30 C in the dark for 48 hours. The arginine-TCC plates were

incubated anaerobically (Gas Pak, BBL). Mutant colonies

which did not hydrolyze arginine produced white colonies and

were readily distinguished from the red colonies produced by

their parent strains.

Not all mutants were obtained by single irradiation

exposures. In such cases colonies from primary irradiated

cultures were isolated, subcultured in K and W broth, and

resuspended in phosphate buffer, and then irradiated for the

second time and plated on both agar media as described

earlier.

For NTG treatment, a fresh solution of NTG in sterile

distilled water was prepared, and used without

sterilization. Sterility was checked by streaking samples on

nutrient agar plates (1). The NTG solution was added to the

cell suspensions to give a final concentration of 200 ug/ml.

Suspensions were incubated for 60 minutes at 30 C. This
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condition consistantly gave a 99% kill based on viability

counts. After exposure, the cells were washed twice in 0.1 M

phosphate buffer, resuspended in K and W broth for 3 hours

to allow for mutant expression. The suspensions were then

diluted with 0.1 M phosphate buffer, and 0.1-m1 portions

were aseptically streaked on prepoured SALT and arginine-TCC

plates, and incubated as described before.

The mutants obtained, were maintained in NFM and

transferred weekly to fresh media. Each Arg- mutant was

designated AN (e.g. AN-C10).

Activity Test

Tubes containing 10 ml NFM were 1% inoculated with

freshly coagulated NFM cultures of all parent and mutant

strains. The coagulation time at 21 C was determined.

Strains producing a coagulum in 18 hours were considered

fast.

A second activity test was done to evaluate the acid

producing ability of all strains. Tubes containing 10 ml

pasteurized NFM were inoculated (2%) with actively growing

cultures, and incubated according to the Cheddar cheese

making temperature profile described by Pearce (25), except

that rennet was not added and the pH was measured directly

after 5 hours. Both activity tests were run in duplicate for

each strain tested.
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Growth at 40 and 45 C

Two sets of tubes containing 10 ml of sterile M17 broth

were 1% inoculated with 24-hour M17 broth cultures of

individual strains used in this study. The tubes were

incubated in water baths maintained at 40 and 45 C, and

cultures observed for growth after 48 hours.

Arginine Hydrolysis

The method of Nivin et al (21) was used to detect the

ability of cultures to hydrolyze arginine. Cultures were

inoculated (1%) into Nivin's broth which has the following

composition per liter of distilled water: yeast extract, 5.0

g ; tryptone, 5.0 g ; dibasic potassium phosphate, 2.0 g ;

glucose, 0.5 g ; arginine monohydrochloride, 0.3 g ; the pH

was adjusted to 7.0.

After 48 hours incubation at 30 C, cultures were tested

for the production of ammonia. One drop of the 48 hour old

culture and one drop of Nessler's reagent (2) were added

together on a porcelain spot plate, the development of a

deep orange to brown color was considered a positive

reaction.
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Growth in Presence of Sodium Chloride

Tubes containing 10 ml M17 broth with 4% and 6.5% sodium

chloride were 1% inoculated with parent and mutant strains,

and incubated at 30 C for 48 hours, and observed for

growth.

Growth at pH 9.2 and 9.6

Sterile 1.0 N sodium hydroxide was added aseptically to

10 ml volumes of M17 broth, so that pH values of 9.2 and 9.6

were obtained. The resulting media were inoculated (1%) with

24 hour old M17 broth culture of each strain. Tubes were

incubated for 48 hours at 30 C, and observed for growth.

Growth in Presence of Methylene Blue

Tubes containing NFM to which methylene-blue was added

to final concentrations of 0.1 and 0.3%, were inoculated

(1%) with each strain, and incubated at 21 C. The ability to

grow and coagulate NFM was recorded.

Flavor

Flasks containing 100 ml pasteurized whole milk were 2%

inoculated with individual strains. After 16 hours
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incubation at 21 C they were organoleptically evaluated to

detect the development of any off-flavors.

Phage Sensitivity

Parent and mutant strains were tested for their phage

sensitivity patterns, to determine if mutants had aquired

new phage sensitivities, or if they were cross resistant to

other phages (8). Tubes containing 3 ml of melted M17

overlay agar (31) were cooled to 45 C and inoculated with

0.1 ml of overnight broth cultures. One drop of sterile 1.0

M calcium chloride was added to each tube. These were poured

onto the surface of prepoured M17 agar plates, allowed to

harden, and spotted with one drop (ca. 0.05 ml) of

bacteriophage preparation (10 3 -10 5 pfu/ml). The plates were

incubated at 30 C, and examined for plaque formation after

48 hours. Trials were done in duplicates for each phage-host

combination.

Cell Lysis, Isolation of Plasmid DNA

and Agarose Gel Electrophoresis

A recently described method by Orberg, et al.(23) was

used. Parent and mutant strains were grown at 20 C, in

streptococcal lysis medium made of M17 broth with 0.5% yeast

extract and 20 mM DL-threonine (4). After 15 hours
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(absorbance at 660 nm, 0.7), the cultures were centrifuged

at 4 C, resuspended in 1.2 ml of sterile distilled water,

and transferred to 1.5 ml micro-centrifuge tubes, and

centrifuged in the cold at 2,500xg for 5 minutes. The

supernatent was discarded and cells resuspended thoroughly

in 100 ul of lysozyme solution (20 mg/ml in sterile 25%

sucrose solution), followed by addition of 20 ul of

mutanolysin solution (5,000 iu/ml in 0.1 M potassium

phosphate buffer, pH 6.2) (11,20). The tubes were

transferred to a 37 C water bath and incubated for 3.5

minutes, and 210 ul of 0.079 M tris-hydrochloride in 25%

sucrose solution (pH 8.1) was added. The tubes were chilled

on ice for 2 minutes and 60 ul of 10% triiso-

propylnaphthalenesulfonic acid (TNS) in 250 mM Na2EDTA (pH

8.0) was added. This was quickly followed by the addition of

25 ul of 3.0 N NaOH. Tubes were then incubated in a water

bath at 30 C for 5 minutes. The pH at this point was

12.0-12.2, and a clear solution was obtained. Then 30 ul of

1.0 M sodium acetate (pH 5.0) was added for neutralizing the

solution, followed immediately by 600 ul of phenol reagent.

Chloroform (150 ul) was added and the preparations

centrifuged at 12,000xg in the cold for 15 minutes. The

clear aqueous phase was collected and transferred to fresh

1.5 ml tubes, 6 ul of RNase (10 mg/ml sterile water) was

added to each tube followed by 20 minutes incubation in a 37

C water bath. The samples were then extracted with 200 ul
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chloroform:isoamyl alcohol (24:1). Then 8.0 ul of the

aqueous phase were used directly for electrophoresis.

Electrophoresis buffer was 40 mM Tris base, 20 mM sodium

acetate, and 2 mM EDTA, pH 8.1. Horizontal electrophoresis

in 0.7% agarose gel was carried out in submarine mode with

buffer recirculation (10) for 4.0 hours. The voltage

employed was 3.0 V/cm. After electrophoresis, the gel was

stained with ethidium bromide (0.5 ug/ml) for 30 minutes,

destained in water for 20 minutes photographed through an

orange filter (Tiffen, #16), on a model C-63 Ultraviolet

Products transilluminator with polaroid type 47 film.

Molecular masses were estimated from a double-logarithmic

plot based on E. coli V517 standards (16).
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Mutant Isolation
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Arginine negative mutants were isolated for three of the

five strains of S. lactis, after UV treatment. Table 4.3

lists the parent strains and their Arg- mutants used in

this study.

Mutant strain AN-C10 was isolated after the first UV

exposure for 90 seconds. Strains AN-401 and AN-406 were

isolated after the second UV exposure for 60 and 90 seconds

respectively. All the mutants were isolated from the

arginine-TTC agar plates. No mutants were obtained for

strains BA-1 and BA-1RM even after irradiating these

cultures for 120 seconds in both rounds of UV treatment. NTG

treatment did not induce any Arg- mutants. Isolated mutants

were respread on arginine-TTC and SALT agar plates to

confirm that white colonies would be produced by these

strains.

Arginine Hydrolysis

Mutant strains were unable to hydrolyze arginine in

Nivin's broth, therefore giving a negative reaction when

tested with Nessler's reagent. Whereas all parent strains

hydrolyzed arginine, giving a positive reaction.
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Activity Test

As shown in table 4.4. all strains tested were able to

coagulate NFM within 18 hours at 21 C from a 1% inoculum,

therefore considered to be fast strains.

Acid production by parent and mutant strains, recorded

as final pH values, under simulated Cheddar cheese-making

conditions, ranged from 4.9 to 5.2 depending on the strain,

these results are presented in table 4.5.

Cultural Studies

Results of the various cultural tests performed on all

the parent and mutant strains used in this study, are

reported in table 4.6. In all cases, not much difference was

observed between parents and their mutant strains. All were

able to grow at 40 C, and in the presence of 4% NaCl.

Methylene-blue (0.1 and 0.3%) did not inhibit normal acid

production, and media with pH 9.2 was suitable for their

growth. However, none grew at 45 C, or in the presence of

6.5% NaCl, or when pH was raised to 9.6.

Flavor

When grown in pasteurized whole milk, mutant strains
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AN-C10 and AN-406 did not differ from their parent strains

in their organoleptic properties. Strain AN-401 was slightly

inferior to its parent strain.

Phage Sensitivity

As shown in table 4.7 none of the mutants exhibited any

alteration in their phage sensitivity patterns as compared

to their parent strains.

Plasmid Profiles

The plasmid profiles of strains used in this study are

shown in figure 4.1. The molecular weights of the plasmid

bands were estimated from a standard curve plotted between

the logarithm of migration distances of the E. coli V517

reference plasmids and the logarithm of MWs for each

reference plasmid.

As shown in table 4.8 and figure 4.1 no difference in

the plasmid component was observed between mutants and their

respective parent strains, indicating that arginine

hydrolysis in these strains is not plasmid coded.
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DISCUSSION

Three mutants of S. lactis which lost their ability to

hydrolyze arginine were isolated after treatment of the

parent strains with UV light. Their relationship to the

parent strains was assured, since each mutant retained

sensitivity to the bacteriophage specific for its parent.

The mutants not only maintained their ability to grow in

the presence of 4% NaCl, and in media with pH 9.2, and in

the presence of methylene-blue, but were able to survive 40

C which is the cooking temperature for Cheddar cheese. This

last property makes them undesirable for use in Cheddar

cheese manufacture. It is known that the high cooking

temperature presently used for Cheddar cheese might affect

the survival patterns of starter strains, therefore

indirectly affecting the normal course of fermentation in

cheese (34,6). Under such conditions the percent survival of

S. lactis strain is higher than the S. cremoris strains.

This could be very important, because such survivors will

not only produce high amounts of acid during subsequent

stages, but certain strains of S. lactis are known to

produce undesirable fruity or lactis off-flavors

(27,34,35).

If the ability to hydrolyze arginine and survive cheese

cooking-temperatures were genetically linked, then by

inducing Arg- mutants, non-bitter strains that do not



164

multiply at 40 C will be obtained. But results of this

investigation , indicate that loss of ability to hydrolyze

arginine does not lead to such desirable changes in these

strains. Nevertheless, methods to produce such desirable

cheese-making strains of S. lactis are needed because few

phage unrelated strains of S. cremoris exist. Also the

natural habitat for S. cremoris is unknown (29) and

therefore there is no natural source from which this

bacterium may be easly isolated.

Lactose metabolism and proteinase activity in lactic

streptococci are known to be plasmid borne (14,17,24). But

unlike such plasmid borne properties, arginine deamination

in these strains is not plasmid coded, since all the Arg

mutants retained the original plasmid composition of their

parent strains.

With regard to phage sensitivity, it is known that some

proteinases coded by plasmids are associated with the cell

wall of lactic streptococci (5,7,19) and if such proteinases

or associated structures are involved in phage adsorption,

their loss might result in changed phage sensitivity. But

since no plasmids were lost from the mutants, their phage

sensitivity patterns were not altered as compared to parent

strains.

Results obtained from this investigation indicate that

mutation of Are bitter strains of S. lactis to Arg- does

not convert them to non-bitter starters which could be used
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in Cheddar cheese-manufacture.
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Table 4.1. Composition of arginine-TTC mediums.

INGREDIENT GRAMS/LITER

TRYPTONE 5.0

YEAST EXTRACT 5.0

K2HPO4 2.0

GLUCOSE 0.5

LARGININEHCL 2.0

AGAR 15.0

T T Cb 0.05

a PH is adjusted to 6.8.

b T T C= 2,3,5triphenyl tetrazolium chloride.
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Table 4.2. Composition of modified SALT mediuma.

INGREDIENT GRAMS/LITER

PEPTONE 5.0

TRYPTONE 1.0

TRYPTICASE 1.0

YEAST EXTRACT 2.5

DISODIUM B-GLYCEROPHOSPHATE 19.0

GLUCOSE 0.5

L-ARGININE-HCL 4.0

T T C 0.08

AGAR 10.0

a PH is adjusted to 6.8.
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Table 4.3. Parent strains of Streptococcus lactis and their
arginine-negative mutants used in compartive
evaluations of mutant strain characteristics.

PARENT MUTANT a

C10 ANC10

401 AN-401

406 AN-406

BA-1 ---b

BA-1RM ---b
a AN= argininenegative
b No argininenegative mutants

were isolated
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Table 4.4. Time in hours needed to coagulate nonfat milk
by parent strains of Streptococcus lactis and
their aroinine-negative mutants, at 21 C from
a 1% inoculum.

STRAIN HOURS

C10 14

AN-C10 14

401 15

AN-401 15

406 14

AN-406 14
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Table 4.5. Final pH values achieved in nonfat milk after
5 hours of incubation according to the Cheddar
cheesemaking profile described by Pearce (2%
inoculum).

STRAIN PH

C10 4.93

AN-C10 5.00

401 5.20

AN-401 5.15

406 5.10

AN-406 5.05

CONTROL
(uNINOCULATED)

6.60
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Table 4.6. Cultural reactions of parent Streptococcus
lactis strains and their arginine-negative
mutants.

GROWTH

ARGININE METHYLENE 4.0% 6.5%
STRAIN HYDROLYSIS BLUE* 40°C 45°C PH 9.2 PH 9.6 NaC1 NaCI

C10 + + -F -F

ANC10 + A-

401 -F + + + ±
AN-401

406 -F ± -F

AN-406 + A-

* Concentrations used were 0.1 and 0.3%.
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Table 4.7. Phage sensitivity patterns of parent
Streptococcus lactis strains and their
arginine-negative mutants.

PHAGES

STRAIN 0C10 0401 0406

C10

ANC10

401

AN-401

406

AN-406

= lysis
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Figure 4.1. Plasmid profiles of three strains of
Streptococcus lactis and their arginine-
negative mutants. Lane 1 contain E. coli
V517. Lanes 2 and 3 contain C10 and AN-
C10 respectively. Lanes 4 and 5 contain 401
and AN-401 respectively. Lanes 6 and 7

contain 406 and AN-406 respectively. The
band marked by an arrow represents
chromosomal DNA and is common in all strains
examined.
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Table 4.8. Molecular masses (megadaltons) and number of
plasmids in three strains of Streptococcus
lactis and their arginine-negative mutants.

NUMBER OF MOLECULAR MASSES

STRAIN PLASMIDS (meaadaltons)

C10 4 1.0, 4.5, 25, 40

ANC10 4 1.0, 4.5, 25, 40

401 5 1.0, 4.5, 22, 25, 42

AN-401 5 1.0, 4.5, 22, 25, 42

406 4 1.0, 2.5, 22, 37

AN-406 4 1.0, 2.5, 22, 37
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