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Comparisons were made of the abilities of Streptococcus lactis, 

Streptococcus cremoris and Streptococcus diacetilactis bacteriophages 

to endure various laboratory isolation and storage treatments. 

Neutralization of Cottage cheese whey containing phages offered no 

survival advantage over unneutralized samples, refrigeration of 

neutral and acid whey samples increased the survival of only the 

S. diacetilactis phage. About 50 percent of the phages could be 

recovered from milk coagulated by addition of lactic acid to provide 

casein -free, clear, phage- containing whey. Sterilization of phage 

lysates by membrane filtration allowed collection of 92 to 99 percent 

of the phages; Seitz filtration allowed collection of a maximum of 

24 percent. Whey samples containing phages could be concentrated 

by removing water using polyethylene glycol. Lyophilization 

decreased phage titers at least 50 percent. 

Cross reaction patterns of phages for strains of lactic 
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streptococci revealed that similar strains were present in cultures 

supplied by several companies. For example, phages which were 

lytic for strains isolated from one brand of commercial mixed strain 

starter cultures would lyse strains isolated from as many as three 

different brands of starter cultures. 

The lytic patterns of 60 bacteriophage races toward 100 single 

lactic streptococcal strains allowed the establishment of eight phage 

groups, A through H. The phages within a particular group were 

generally species specific. However several exceptions were noted. 

Group A phages attacked primarily strains of S. diacetilactis. 

Groups B through H phages mainly attacked strains of S. lactis and 

S. cremoris. Groups G and H consisted of one phage that attacked 

only the homologous host. 

Lytic reactions determined by multiple printing of phages on 

lawns seeded with possible hosts were employed for selecting strains 

to be used in mixed -strain starter cultures. A computer was used 

in selecting strains for blending into mixed - strain cultures with 

resulting maximum protection against phage. The strains selected 

by the computer were arranged in a sequence or rotation system 

suitable for use in dairy plant fermentations. Protection from phage 

infection as determined by a resistance index remained high for six 

successive cultures, but the addition of the seventh culture to the 

rotation system increased the likelihood of phage attack significantly. 



Neutralization of representatives of each host range phage group by 

standardized rabbit antisera prepared against four different phages 

revealed similarity among several groups. However the neutraliza- 

tion of phages was not constant within each group. 

Electron photomicrographs of a phage for S. diacetilactis 

revealed a tadpole- shaped particle. The head width and length were 

each about 60 mµ , the tail width was about 10mµ and the tail length 

was about 170 mµ . There also were suggestions for a polyhedral 

head structure in enlarged (84, 000X) pictures of the viruses. 

Chemical compositional studies of the phage studied by electron 

microscopy revealed that phosphorus represented 4.45 percent of 

the phage dry weight. Nitrogen was found to constitute 12.8 percent 

of the phage protein. A ratio of phage phosphorus to phage protein 

nitrogen of 2.7 was determined. 

Bacteriophages prepared in broth medium were recovered by 

differential centrifugation and purified in cesium chloride density 

gradients. An amino acid analysis revealed the following mole 

percentages for the amino acids quantitated: lysine, 8.1; histidine, 

1.7; arginine, 3.8; aspartic acid and asparagine, 10.0; threonine, 

7.5; serine, 6.8; glutamic acid and glutamine, 12.1; proline, 3.4; 

glycine, 9.0; alanine, 9.5; valine, 8.7; methionine, 1.1; isoleucine, 

7.9; tyrosine, 2.2 and phenylalanine, 2.8. 

The nucleic acid of the phage was determined to be 



double - stranded DNA with a thermal melting point of 84.3°C, 

indicating an average base composition of 35.7 percent guanine plus 

cytosine. 

Calculated values for percentage DNA and protein composition 

of the phage were 44 and 56 percent respectively. The density of 

the phage was calculated to be 1.47g/cc. 
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HOST RANGE AND CHEMICAL COMPOSITION OF LACTIC 
STREPTOCOCCAL BACTERIOPHAGES 

INTRODUCTION 

The dairy manufacturing industry depends upon the controlled 

fermentation of milk lactose by two lactic streptoccus bacteria, 

Streptococcus lactis and Streptococcus cremoris. Acid production 

by these organisms is required in such products as hard and soft 

cheeses and buttermilk. The fermentation of milk citrate by 

Streptococcus diacetilactis also is important for flavor and aroma 

(diacetyl) production in products such as ripened cream butter, 

buttermilk, sour cream and cottage cheese. 

The most frequent cause of insufficient acid production during 

dairy fermentations is bacteriophage infection of the lactic starter 

cultures (28). Furthermore, loss . of diacetyl production in 

S. diacetilactis- containing mixed -strain starter cultures infected 

with bacteriophages active against the aroma -producing organism has 

been noted by Sandine et al. (64). The incidence of this infection was 

noted by Elliker (28) who found in a survey of 23 culture failures in 

Oregon that bacteriophages were responsible for 21 of the failures. 

These findings suggest that many starter culture failures formerly 

attributed to antibiotics, detergents, or quaternary ammonium 

compounds may, in reality, have been caused by bacteriophages. 

Several approaches toward preventing the consequences of 

. 
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bacteriophage infection during dairy fermentations have been studied. 

Exclusion of bacteriophages from starter culture propagation rooms 

and aseptic handling of cultures have led to the development of spe- 

cial culture -handling equipment (34). Removal of calcium ions, 

which are essential for phage development (56), either by ion 

exchange or chelation has been attempted (35, 58). A novel approach 

that employs specific antiphage antibodies for neutralization of 

phages present in culture media has been used successfully by 

Erskine (30). Other methods in commercial use to minimize 

phage infection are the rotation of cultures and the use of the direct 

seed method of inoculation (47) . 

Most studies on the lactic streptococcal bacteriophages have 

been initiated after problems have been encountered in the industry, 

and the purpose of such studies has been to obtain information that 

can be applied in the industry immediately. Several exceptions 

appear, and these include the studies by Nichols et al. (48, 49, 50), 

Cherry and Watson (13) and Collins (16, 17, 18, 19, 20, 21). These 

workers studied many of the biological aspects concerning the bac- 

teriophage's life cycle: adsorption, infection, latent period and 

lysis of the host. Nichols et al. (48) and Wilkowske et al. (71) 

attempted to establish a systematic system for grouping and classi- 

fying the lactic streptococcal phages. 

At the present time, knowledge of the bacteriophage life cycle 
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appears to be well established, at least in a descriptive sense. The 

lactic streptococcal phages behave in a manner similar to that of the 

virulent viruses of most phage -host systems. The grouping or clas- 

sification of these viruses, however, does not enjoy any degree of 

organization or understanding. Babel (5) reported four distinct 

types of bacteriophage that were recovered from whey taken from a 

vat in which a mixed - strain culture was used. Although Nichols et al. 

(48) and Wilkowski et al.(71) proposed systems for grouping of bacterio- 

phages, there is no generally accepted system for the lactic strepto- 

coccal phages comparable to those which exist for the phages attack- 

ing organisms of the Salmonella, Staphylococcus and Escherichia 

genera. Furthermore, the early work on the lactic streptococcal 

bacteriophages was done prior to the time that Sandine et al. (63) 

defined the relationship of S. diacetilactis to the other members of 

the lactic streptococcus group. In light of this, it was thought that 

a reexamination of the host -range and serological relationships 

among the lactic streptococcal phages might result in a useful system 

for classifying or grouping these viruses based primarily on strains 

attacked within species boundaries. It also appeared that a chemical 

examination of the lactic bacteriophages would be in order. To date 

no one has studied the nucleic acid or protein components of these 

viruses. Such examinations of the T series of phages for E. coli 

have been made (32), and it was felt that the application of such 
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procedures to the lactic streptococcal phages would not prove 

difficult. 

The goals of this study were two -fold. First, establishment 

of a grouping or classification system for the lactic streptococcal 

phages was desired. With a workable classification system it 

should be possible to select lactic streptococci strains for blending 

into mixed - strain starter cultures providing greater protection 

against bacteriophage attack than presently is possible. Second, 

the chemical analysis of the phages was believed desirable to gain 

basic information of their chemical composition. It was hoped that 

some information uncovered by such a study could be used in methods 

of inhibiting bacteriophage replication during dairy fermentations. 

Before research could be pursued towards the two goals out- 

lined above it was necessary to evaluate techniques concerned with 

isolation and maintenance of the lactic streptococcal phages. It 

was anticipated that ,whey samples would be collected at distantly 

located dairy plants during the initial phases of this study, and phage 

survival in transit and storage had to be evaluated. 
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HISTORICAL REVIEW 

Bacteriophages for the lactic streptococcus organisms have 

been known since the work of Whitehead (70). Since that time they 

have been the subject of research investigations ranging from growth 

and nutritional studies (13, 52) to studies on means of controlling 

their lytic action in dairy fermentations (30, 35). 

It is customary to attempt isolation of the lactic streptococcal 

phages from whey samples collected from dairy plants. Cheese 

milk failing to coagulate because of apparent phage contamination may 

also be used. There is one report in the literature of phages for the 

lactic streptococci being isolated from sewerage (51). The procedure 

described by Nichols and Wolf (49) for the detection, isolation and 

selection of single phage races has been used in most research on 

lactic streptococcal phages to date. These workers used single 

strains of lactic streptococci as indicator strains for phages in a 

particular whey sample. If the single strain did not remain active in 

milk culture subsequent to the addition of a sample of whey, it was 

considered attacked by phage. The phage- infected milk culture was 

coagulated with lactic acid, and the resultant whey was filtered through 

a Seitz bacterial filter to remove the bacteria from the whey. The 

phage were then added in appropriate dilution to a homogeneous layer 

of indicator cells on an agar plate surface and the plate incubated for 
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production of plaques (clear zones of lysis in the bacterial layer). 

A sample was taken from a well- isolated plaque and used to infect a 

fresh culture of the indicator strain. The above procedure was 

repeated three times to obtain single phage races. 

In recent years, the overlay method of Adams (2, p. 450 -451) 

has been used extensively for plaguing a culture lysate. Also in 

recent years the membrane filtration technique has been replacing 

the Seitz filtration technique. 

Host -range studies (studies on the extent or number of bacterial 

strains attacked by a single phage) on nine apparently distinct phage 

races were reported by Whitehead and Bush (69). These studies 

indicated that the phages were quite strain specific, but some races 

would attack more than one host. Nichols and Wolf (49), Hunter (38), 

Czulak (24) and Collins (19, 20) have shown that there are a limited 

number of lactic streptococci strains with respect to phage sensitivity. 

The number of different strains suggested by these workers does not 

exceed 25. Therefore, it is not surprising that Collins (19) found 

considerable duplication of strains in commercially available starter 

cultures. 

Another manner of grouping the phages of the lactic streptococci, 

aside from use of host -range data, is serological typing. Nichols and 

Hoyle (48) in 1949 and Wilkowske et al. (71) in 1954 reported their 

attempts to serologically classify the lactic streptococcal 
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bacteriophages. Nichols and Hoyle established three groups on the 

basis of their data, and Wilkowske, et al. established seven serologi- 

cal groups. In both works there were phages that did not fit into 

any group. Both laboratories attempted to correlate the serological 

groupings to the host range groups. Wilkowske stated that there was 

relatively good agreement, but neither host range nor serological 

groupings could be used satisfactorily alone to classify the phages. 

Nichols stated that no single phage could be used to lyse all strains 

of one type of phage- sensitive host grouping. 

Electron microscope studies of the lactic streptococcal 

bacteriophages were reported by Parmelee et al. in 1949 (53). They 

studied nine races; two from New Zealand, four from England, one 

from Canada, and two from the Iowa Agriculture Experiment Station. 

On the basis of their photographs all nine strains were so nearly 

alike in shape and size that they could not be differentiated. The 

particles had a total length varying from 180 to 280mµ ; the spherical 

heads ranged from 60 to 90 nip, in diameter; the tails were 20 to 40 mµ 

wide and 120 to 190 mµ long. Sandine et al. (64), in a report on a 

phage for S. diacetilactis, presented data to indicate that this phage 

was similar to those studied by Parmelee et al. 

A report by Williamson and Bertaud (73) indicated that not all 

lactic streptococcal phages were morphologically similar to those 

described by Parmelee et al. These workers exhibited photographs 

. 
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of a phage that exceeds in length any phage reported in the literature. 

The spherical head had a diameter between 70 and 80m4 and the curved 

tail had a length ranging from 560 to 610m . The overall length of 

the phage was 630 to 690mµ.. From this it appears that there are at 

least two different lactic streptococcal phages on the morphological 

basis. 

The chemical composition of the lactic streptococcal phages 

has not been studied to date. However, the T phages which attack 

Escherichia coli have been studied in some detail. The T phages 

have been shown to be nucleoprotein; about 60 percent of the total 

weight is DNA, which comprises the core of the phage, and about 

40 percent is protein, which comprises the coating for the DNA (57). 

The protein coat of the T phages has been analyzed for amino 

acid content by Fraser and Jerrel (32), Fitch and Susman (31) and 

Poison and Wyckoff (55). The most recent report, that of Fitch and 

Susman, includes data for T2, T3, T4 and T5 bacteriophages. 

Bacteriophage DNA has been shown by Hershey and Chase (36) 

to enter the bacterial cell upon infection by virulent phages. The 

DNA of phages for Streptococcus faecium, Bacillis steareothermopolis 

and E. coli has been isolated, purified and analyzed by Brock, et al. 

(10), Saunders and Campbell (66) and Cordes et al. (22), respectively. 

The thermal denaturation of DNA accomplished by the methods 

of DeLey and Schell (27) has been used to determine the thermal 

.. 
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melting point, Tm, the temperature at which the double- stranded 

DNA separated into a single- stranded random coil. The Tm can then 

be used as a measure of the average guanine plus cytosine (G + C) 

content of the DNA sample melted. A new method of plotting the 

thermal denaturation data has been described by Knittel et al. (42). 

This method makes use of normal probability graph paper in deter- 

mination of the Tm. The temperature at which 50 percent of the 

hyperchromicity has been obtained in a melting DNA sample is con- 

sidered as the Tm. 

There are no other reports in the literature known to the author 

which deal with lactic streptococcal bacteriophages in a manner 

related to the present research investigation. Many reports, how- 

ever, have been made concerning other bacteriophage host systems 

and a considerable number of these are cited below in the Methods, 

Results and Discussion sections of this thesis. 

. 



10 

MATERIALS AND METHODS 

Bacterial Cultures and Bacteriophages 

Cultures used in these studies listed in Table 1 were taken from 

the collection maintained in the Department of Microbiology at Oregon 

State University or isolated from commercial mixed - strain lactic 

starter cultures by serial dilution plating with lactic agar that has 

been described by Elliker et al. (29). The composition of the lactic 

agar is given in Table 2. Phages employed are listed in Table 3 and 

were taken from the Department of Microbiology collection at Oregon 

State University, isolated from cheese whey collected from commer- 

cial dairy plants, or isolated from sewerage samples collected at the 

Portland, Oregon, sewerage treatment facilities. 

The lactic streptococci were maintained in ten percent sterile 

(121 °C for 12 minutes) nonfat milk by weekly transfer of one percent 

inoculum. Incubation was at 21°C for 18 to 20 hours immediately 

preceding the weekly transfer of the cultures; following inoculation of 

fresh milk medium, cultures were stored at 2 to 5 °C until incubation 

was carried out. When the experiments required a culture in a non - 

opaque medium, the medium selected was lactic broth (29). Host 

cells were incubated prior to plaguing experiments at 30 to 32 °C until 

an early log phase culture developed. The cultures in the early log 

phage of growth caused visual turbidity in broth cultures. 
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Table 1. Lactic Streptococci Cultures Used. 

Organism Strain Source 

Streptococcus lactis 

Streptococcus cremoris 

C2 OSU Collection 
M15-19 U. S. Commercial Culture 

M9-C2 
M8-2242 
M9-924 
M16-16 
M21-7 
M9-712 
M8-292 
F2D2 Austrian Culture 

ML2 New Zealand Culture 

J OSU Collection ' 

TR 
8 

M9CHN272-12503 U. S. Commercial Culture 

M15-19-3 
M8-2892-1253 
M5-13-1 
M5CHN272 
M3W3-2 12803 

M16-25 
M3W3-5 120303 

M3W3-4 
M16-26 11 

M1W1-3 
M2W2-6 
M4W4-5-12803 
M4W4-4 12803 

M2W2-5 
M2W2-8 
M4W4-6-12803 
M2 W2-7 
M1W1-6 
M14-23 
M4W4-3 
M21-44 
M1W1-5 
M1W1-4 
M14-24 
M15-11 
BM1 

M1C7 
M9C1 

M9C10 
H1L9 

M9L4 

rf 

re 

1 

IJ 

It 

fl 

n 

rl 

If 

11 

11 

11 

It 

u 
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Table 1. (continued) 

Organism Strain Source 

Streptococcus cremoris 

Streptococcus diacetilactis 

TL1 U. S. Commercial Culture 
221 English Culture 
799 Iv 

819 

990 
291 

222 

459 
290 
865 

852 

00 Swedish Culture 
01 it 

107/6 
US3 New Zealand Culture 
Fß 

Z8 

R1 

AM2 

ML1 

ML3 

Da-1 It 

AM1 

ML8 

BR4 

AM3 
18-16 OSU Collection 
M17FDN23 U.S. Commercial Culture 

M21-16 
M17-76 
M17-708 
M21-35 
M21-28 
AC1M10 
KL2 

AB3M8 
AC1M1 
AC1M2 
AC1C2 
AC1C5 
AC1C6 
AC 1L5 

AB3L3 

H1OL4 

AC1C1 
AC1C10 
AB3C1 

" 

" 

" 

" 

" 

'I 

" 

" 

" 

" 

It 

It 

It 

" 

" 

" 
it 

" 
It 

" 

" 

" 

" 

" 

" 
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Table 1. (continued) 

Streptococcus diacetilactis AB3M9 

AB3C5 

M9C3 
AB3L2 

AC1L1 
AC1M9 
AC1M3 
AC1L10 
AB3L5 

M16-16A 
M14-23A 

U.S. Commercial Culture 

Table 2. Composition of Lactic(T -19) Broth Medium 

Ingredient Amount per Liter 

Tryptone 20.0 g 

Yeast Extract 5.0 g 

Gelatin 2.5 g 

Dextrose 5. 0 g 

Lactose 5.0 g 

Sucrose 5.0 g 

Sodium Chloride 4.0 g 

Sodium Acetate 1. 5 g 

Ascorbic Acid 0.5 g 

Agar 
a 15.0 g 

Distilled H2O 1000 ml 

Tween 80 1.0 ml 

pH6.8to7.0 

a 
Added when solid medium for plating was desired. 

II 

II 

II 

II 

11 

tt 

It 
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Table 3. Bacteriophages Used 

Phage Host Organism Phage Source 

18 -16 S. diacetilactis 18 -16 O.S.U. Collection 

AC1M1 24A " AC1M1 O.S.U. Cottage Cheese Whey 
a 

AC1C5 24A AC1C5 

AC1C2 24A AC1C2 

AB3L2 24A " AB3L2 

AC1M1 24A AC1M1 

AC1M9 24A AC1M9 

AC1C1 8M AC1C1 Alpenrose Cottage Cheese Whey 

AC1C6 14M AC1C6 

AC1L5 8M AC1L5 

AB3M8 8M AB3M8 

H1OL4 14M H1OL4 

AB3L5 8M AB3L5 

AB3L2 14M AB3L2 

AC1M38M AC1M3 

AC1C2 8M AC1C2 

AB3C1 8M AB3C1 

AC1M1 16M AC1M1 Mayflower Cottage Cheese 

AC1C1 16M AC1C1 " 

AC1M3 16M AC1M3 

AC1C6 16M AC1C6 

AC1C5 16M AC1C5 

AB3M8 16M AB3M8 

AC1L5 16M AC1L5 

AC1M2 16M AC1M2 

AB3L3 16M AB3L3 

AC1L10 16M AC1L10 

AC1M3 16M AC1M3 

AC1L1 16M AC1L1 

AC1C10 16M AC1C10 

AB3C5 16M AB3C5 

AB3M9 16M AB3M9 

39P M21 -28 Portland Sewerage 

38P M21 -35 " 

8 S. cremoris O. S. U. Collection 
J L4A " J O. S. U. Cottage Cheese Whey 

130 M4W4 -3 " 

80 M2W2 -5 

27A M15 -11 Alpenrose Cottage Cheese Whey 

J 14A J 

M9L4 16M M9L4 Mayflower Cottage Cheese 

J16M J " 

BM1 16M BM1 

SP M1W1 -6 Portland Sewerage 

40P M21 -44 

3M M1W1 -4 Mosely Laboratoriese 

2M M1W1 -6 " 

13M M4W4 -3 

" 
It 
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Table 3. (continued) 

Phage Host Organism Phage Source 

32M 

27M 

31M 

8M 
15M 

12M 

c2 
36P 

24M 
35M 

36M 
1M 

25M 
29M 

S. cremoris 

11 

S. lactis 

M14 -24 
M1S-11 
M14-23 
M2W2-5 
M4W4-5-12803 
M3W3-5-12803 
C2 O. S. U. Collection 
M17-FDN23 Portland Sewerage 
M9-712 Mosely Laboratories 
M17 -708 
M17-FDN23 
M21-7 
M9-924 
M16-16 

Mosely Laboratories 

11 

a 
Dairy Products Laboratory, Department of Food Technology, Oregon State University. 

b 
Alpenrose Dairy, Shattuck Road, Portland, Oregon. 

c Mayflower Dairy Co- operative, Portland, Oregon. 

d 
Portland Municipal Sewerage Treatment Facilities, Portland, Oregon. 

e 
Mosely Laboratories, Indianapolis, Indiana. 
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Phage Assays 

Phage assays were performed using the agar overlay method 

of Adams (2, p. 450 -451). Three ml of semisolid (0. 7 percent) lactic 

agar seeded with about 107 host cells and one ml of appropriately 

diluted phage preparation were flooded onto previously hardened lac- 

tic agar plates. Plates showing between 20 and 200 plaques were 

counted after 12 to 18 hours of incubation either at 30 °C or room 

temperature (25°C). 0C). The base layer of agar in the Petri dishes was 

lactic agar, which was poured and allowed to dry at room tempera- 

ture for several days preceding use in the phage assay. 

Phage Preparation 

Phage lysates were prepared by infecting a log phase culture 

with its homologous phage at a multiplicity of infection (the ratio of 

number of phage particles to the number of bacteria) near 0. 01. The 

infected cultures were then incubated at room temperature, usually 

overnight. In most cases the lysates were clear when compared to 

a non -infected control culture. The media used for preparation of 

lysates were lactic broth and a modified lactic broth. The lactic 

broth lysates were used for studies on isolation and storage methods, 

host -range and serology. The modified lactic broth (Table 4) was 

used for lysates used in the chemical compositional analysis. 
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Table 4. Composition of Modified Lactic Broth 

Ingredient Amount per Liter 

Tryptone 20. 0 g 

Dextrose 5. 0 g 

NaC1 4. 0 g 

Sodium Acetate 1. 5 g 

CaCl2 . 2H2O (3g /1) 50. 0 ml 

MgSO4 7H2O (4g /1) 50. 0 ml 

MnSO4 H2O (lg /1) 50.0 ml 

Distilled H2O 850. 0 ml 

pH 6. 8 - 7. 0 

Strain Dominance Studies 

The use of mixed - strain starter cultures in the United States 

is one of the recommended methods to minimize phage- caused fer- 

mentation failures. The principle involved is based on the assump- 

tion that mixtures of strains, usually varying from two to eight, in 

one culture will insure that at least one strain will be unaffected or 

immune to infecting bacterial viruses and will continue the fermen- 

tation even if other strains are lysed. Collins (18) has warned that 

repeated subculturing of lactic starters may result in an imbalance 

in the strains and that the same degree of phage protection may not 

be available after the culture has been carried in the dairy plant for 

an extended time (usually greater than one week). 
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An experiment was designed to illustrate the dangers of sub- 

culturing a mixed -strain culture over a period of time. Four strains 

with similar generation times and each differing in phage sensitivity 

as shown in Table 5, were grown for 18 hours in ten percent nonfat 

milk and inoculated into two liters of sterile ten percent nonfat milk 

at 21 °C. After incubation at 21 °C for 16 to 18 hours, the flasks 

were removed to a 4 °C refrigerator. Immediately prior to the sub- 

sequent incubation periods, a one percent inoculum of the refriger- 

ated culture was added to another two liters of sterile ten percent 

nonfat milk at 21 °C and the incubation carried out as above. After 

the first and fifth incubation periods the culture was serially diluted 

and plated by the spread plate technique on prehardened lactic agar 

plates. The plates were incubated at 30 °C for 48 hours. Two 

hundred isolated colonies were selected randomly, and subcultured 

by needle inoculation into tubes of lactic broth. The resulting tube 

cultures were transferred once, and then the isolates were used as 

the host organisms on lawns for determination of phage sensitivity. 

The sensitivity tests were performed by placing a drop of each of 

the phage lysates onto the lawns followed by incubation and examina- 

tion for lytic zones. 
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Table 5. Phage Relationships and Generation Times of Organisms 
Used in Strain Dominance Studies. 

Organism a Generation Phage 
Time (min) Sensitivity 

S. cremoris M1W1-6 

S. lactis M9-712 

S. diacetilactis M16-16A 

S. diacetilactis M14-23A 

74. 3 

117. 0 

84. 4 

80. 0 

5 P 

24 M 

29 M 

31 M 

aOrganisms were checked for antibiotic production by placing a 

0. 25 -inch filter disk saturated with filter - sterilized whey from a 
mature 10% nonfat milk culture of each strain onto a lawn of the 
other three strains; plates were incubated for 12 hours at room 
temperature (25 °C). 

Evaluation of Bacteriophage Isolation 
and Maintenance Techniques 

Effect of Acidity and Temperature on Phage Survival 

An inoculum of known phage titer was placed in 25 ml of fresh, 

unneutralized Cottage cheese whey and also into the same amount of 

whey that had been neutralized to pH 7. 0 with 2N KOH. The titer 

was followed daily for a week on samples stored at 2 °C and at room 

temperature (25 °C). 

Effect of Acid Coagulation and Centrifugation on Phage Recovery 

Sterile ten percent nonfat milk (10 ml) was inoculated with 

1 ml of phage preparation of a known titer. The milk was coagulated 
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with ten drops of ten percent sterile lactic acid, centrifuged at 

12, 000 g for 15 minutes, and the supernatant whey then assayed for 

pfu /ml (plaque forming units per ml). 

Effect of Seitz and Membrane Filtration on Phage Recovery 

Known concentrations of phage suspended in whey were filtered 

through a Seitz and also a membrane filter with an average pore 

diameter size of 0. 65 micron (no. DAWGO 47A0, Millipore Filter 

Corporation, Bedford, Mass.). The percentages of phages re- 

covered by the two methods were compared. 

Concentration of Phage Suspensions with Carbowax 4000 

A known amount of phage was added to a sample of fresh Cot- 

tage cheese whey. The measured volume of whey was then added to 

a cellophage dialysis tubing which was placed on a layer of poly- 

ethylene glycol Carbowax 4000 (Union Carbide Chemicals, Charleston, 

West Virginia) in a shallow tray; then the tubing was covered with 

the Carbowax. The tubing was allowed to remain in the tray for 

three hours at 2oC. After this time, the contents of the tubing were 

emptied into a 50 ml centrifuge tube. It was necessary to wash the 

cellophage tubing to remove the last portions of the concentrated 

phage- containing whey with a few milliliters of one percent Tryptone. 

The concentrated whey was centrifuged 30 minutes at 20, 000 g 
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and the supernatant then filtered through a membrane filter. After 

filtration the supernatant was assayed for pfu /ml. 

Effect of Lyophilization on Phage Survival 

The effect of lyophilization on phage survival was determined 

by assaying phages suspended in sterile ten percent nonfat milk 

before and after lyophilization. A Virtis Freezemobile was used. 

Host -Range Studies 

Determination of Host -range for Bacteriophages 

Phage lysates were prepared as described previously, filtered 

through a 0. 65 micron membrane filter and then the titer standard- 

ized on homologous hosts to about 2 x 106 pfu /ml. These lysates 

were then replicated onto lawns (about 107 bacterial cells) of 100 

different single strain isolates to determine the host -range of each 

phage. The equipment used for these replications is shown in 

Figure 1 and consisted of three items. The first item was the multi - 

pronged inoculation device. This consisted of 42 prongs, 8. 7 cm in 

length riveted onto a circular plate 9. 5 cm in diameter and 4, mm 

thick. The metal used for the construction of the device was brass. 

The prongs were arranged in a non -symmetrical pattern so that 

proper orientation was required for fit into the holder, the second 
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Figure 1. The inoculating device for infecting lawns 
of lactic streptococci. 

1 

L 
ai i 4 ' Ì:a rx it , i.=,. 
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item of the equipment. It was a block of wood 11. 2 x 11. 2 x 3. 7 cm 

with 1 cm diameter circular holes drilled 2. 5 cm deep to accommo- 

date the 42 test tubes 73 x 100 mm. The third item was the test 

tubes used for holding the source of the phage inoculum. The inocu- 

lation device and the tubes could be autoclaved for sterility. How- 

ever, to save time during a series of inoculations, the prongs were 

dipped to a depth of about 1 cm in 95 percent ethanol and then flamed 

between each inoculation. At no time were more than 18 of the 42 

prongs used for inoculation of phages onto a test lawn. There was 

ample room between adjacent infected sites on a lawn to get distinct 

zones of lysis at each site. The manipulations required for these 

processes are simple. First a lawn of the single strain to be tested 

is prepared by flooding three ml of semisolid lactic agar containing 

about 2 x 107 bacterial cells over a predried, sterile foundation 

layer of lactic agar. The foundation layer contained 15 to 20 ml of 

agar. The semisolid agar was allowed to become firm and then 

inoculation began. For inoculation in a typical experiment ( usually 

about 100 or more plates) 1 ml of the standardized lysate was placed 

into a tube in the holder. Up to 18 phages could be studied at once. 

The tube position in the holder was noted, and the plates and the 

inoculation device marked so that each inoculated site can be identi- 

fied with a particular tube. The inoculating device then was lowered 

until the prongs dipped into the phage suspensions; then the prongs 

. 
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were lifted, tapped gently against the side of the tubes to remove 

excess liquid and then stamped lightly onto the semisolid lawn in the 

predetermined orientation. The weight of the inoculating device 

was sufficient to insure that each prong penetrated into its site. 

After inoculation the prongs were dipped into the ethanol, flamed and 

allowed to cool prior to further use. Control plates were always 

included at the conclusion of each inoculation experiment to ascertain 

the presence of viable phage in each tube after all the other lawns 

had been infected. 

The inoculated plates were incubated at room temperature 

overnight and then were examined for zones of lysis. The results 

were clear cut and required no judgements other than presence or 

absence of a lytic zone. 

Treatment of Host -range Data 

The data obtained from the host -range studies were arranged 

so that phages with similar host -ranges were grouped together. In 

this manner a host -range typing system could be established. 

Another use for the data collected from the host -range studies 

was the attempt to group sets of three bacterial single strains to- 

gether in mixed- strain starter cultures in a manner such that re- 

sulting culture had maximum phage resistance. The first step in 

this procedure involved setting aside the group of strains which were 
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resistant to all phages in these particular studies. One of these 

strains was used as a component strain in each different mixed - 

strain culture prepared. The second step involved selecting pairs 

of strains such that each pair consisted of two strains neither of 

which were attacked by the same phage. To accomplish the second 

step, a computer matrix was set up listing each different strain in 

rows and each different phage in columns (Table 6). A one indicated 

the strain was resistant to the phage of that column and a zero meant 

the strain was lysed by the phage of that column. The instructions 

given the programmer were to choose pairs (rows) such that the total 

for each column was equal to or greater than one. He was to identify 

the pairs by printing their designation (together with their ones and 

zeros) as well as the sum total of all the columns; those columns 

with the sum of one also were identified. 

After the acceptable pairs were selected by the computer, a 

sequential arrangement of pairs was to be made to represent a cul- 

ture rotation system. In order to minimize the possibility of phage 

infection, the pairs were to be arranged (added) in a sequence such 

that the minimum total for any column was to be as high as possible; 

in other words, there was to be a minimum number of zeroes when 

the columns of many pairs were summed. A restriction placed on 

this rotation system was that each strain could be used only once. 

After a pair had been added to the sequence of pairs, all other 



Code for Bacteriophages for Table 6. 

1. AC1M9 24A 29. AC1M1 16M 

2. J 24A 30. Sd 18-16 

3. AC1M2 16M 31. Sl c2 

4. AB3L5 24A 32. AC1M3 16M 

5. H1OL4 14M 33. AC1M3 8M 

6. AC1L1 16M 34. 2M 

7. AB3L3 16M 35. 5P 

8. AC1C10 16M 36. AC1C6 14M 

9. 130 37. 24M 

10. AC1C6 16M 38. 40P 

11. 1M 39. 27M 

12. 12M 40. 27A 

13. 8M 41. 31M 

14. AB3M9 16M 42. 80 

15. AB3C1 8M 43. M9L4 16M 

16. J 14M 44. AB3L2 14M 

17. J 16M 45. AC1M1 24A 

18. 39P 46. AB3LS 8M 

19. 38P 47. AC1C2 8M 

20. AC1M1 24A 48. AC1C2 24A 

21 AC1C1 8M 49. 29M 

22. AC1L10 8M 50. 36P 

23. AC1C5 16M 51. 36M 

24. AC1L5 8M 52. 35M 

25. AC1C5 24A 53. 32M 

26. AC1C1 16M 54. BM1 16M 

27. AC1L5 16M 55. AB3C5 16M 

28. AC1L10 16M 56. AB3M8 16M 



Table 6. Matrix of Single Strainsa and Phages Used in Pairing 

Strains Bacteriophages b 
O., N M d. uvo l, oo m O.--1 N t'n ,t [n l0 N Oo m O.-4 N Mst[n lp N Oo p1 O.y N M d. In lo N 00 0.--t N M d ln l0 .-iNMv[ntplooQl.ti.-i --i.r.--4.-iti.-1NNNNNNNNNNMMMMMMMMMMí vervd'ovvvIntoulto[nln[n 

290 iSc 111 111111111111 11111111111111111111111011111111111 1111 
AM3 2Sc 111 111111111111 11111111111111111111111001111111111 1111 
AC1M3 3Sd 010 000001001110 1 1100000000000100110111111000000011 1100 
S1C2 451 111 111111111111 11111111111111011111111111111111111 1111 
M9C10 5Sc 101 111111111111 11111111111111111111111111111111111 1111 
J 6Sc 101 111111111111 00111111111111111111111111111111111 1111 
H1L9 7Sc 111 111111111111 01111111111111111111111111111111111 1111 
AB3C1 8Sd 010 000001011100 1 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 1 1 1 1 1 1 1 I 0 0 1 1 0 1 1 1100 
AB3M8 9Sd 111 111111111111 11111111111111111111111111111111011 1111 
AC1C1 10Sd 010 000001011111 11100000000100101110111111000011011 1 00 
AC1LS 11Sd 010 001011011100 111001000000011001101111 11100011011 1 10 
AC1M9 12Sd 010 001011011100 1 1 1 0 0 0 1 0 1 0 1 1 0 0 1 0 1 1 1 0 1 1 1 1 1 1 f 0 0 0 1 1 1 1 1 1 00 
H10L4 13Sd 110 000001011100 1 1 1 0 0 0 0 1 0 1 0 0 0 0 1 0 0 1 1 0 1 1 1 1 1 1 f 0 0 0 1 1 0 1 1 1 10 
M9C3 14Sd 000 000001011111 10000000000100100110111I11001000011 1 00 
AB3L5 15Sd 010 000001011100 11100000000000100110111011001000011 1 00 
AC1C5 16Sd 111 111111011111 1 1 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 1 1 1 1 I 1 0 1 1 0 0 0 1 1 1 00 
AC1M1 17Sd 110 111111111111 11100111001000111111111111110111111 1 11 

AB3C5 18Sd 010 000001011111 11100000000000100110111111000000011 1 00 
AB3M9 19Sd 010 000001011110 11100000000000100110111111000011011 1 00 
AC1M2 20Sd 111 111001011100 11100100000100111110111111101111011 1 00 
AC1L10 21Sd 010 000001011111 11100000000000100110110011000000011 1 00 
AC1L1 22Sd 010 000001011100 11100000000000100110111111000000011 1 00 
AC1C10 23Sd 010 000001011100 11100000000011100110111111100011111 100 
BMI 24Sc 111 111110111011 11111111111111111011111010111111111 011 
Sd 18-16 25Sd 110 111111011111 1 1 1 0 0 1 1 1 0 1 1 0 0 0 1 1 1 1 1 0 I 1 1 1 0 1 1 1 0 1 1 1 1 1 1 111 
M1C7 26Sc 10111111111 0111111111111111111111111fi1t111111 111 
AC1C6 27Sd 110 000001001100 111 00001010001101110111111110011111 110 
M21-7 28S1 111 111111111011 10011111111111111111011110111111111 111 
M1W1-3 29Sc 111 111110111011 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 0 1 I 1 1 1 1 1 1 1 111 
M1W1-4 30Sc 111 111110111011 11111111111111111001101010011111111 111 
M1W1-5 31Sc 111 111110111111 11111111111111111001101000011111111 111 
M1W1-6 32Sc 1 11 1 1111011 10 1 1 11111111111111111001111010111111111 111 
M2W2-8 33Sc 1 11 1 1111011 11 1 1 11111111111111111001111010111111111 111 
M2 W2-6 34Sc 1 11 1 1111111 10 1 1 11111111111111111011111110111111111 111 
M3 W3 -5 120303 35Sc 1 11 1 1111111 O1 i 1 111111111111111I111111i111111111111 111 
M4W4-3 36Sc 1 11 1 1111011 10 1 i 01111111111111111001111010111111111 111 

M4W4-4 12803 37Sc 10111 1 11111 11 1111111 1 1111 1 111 11101 1 111 111111 1 

M4W4-5 12803 38Sc 11111 1 1 11110 il 1111111 111111 111 11101 1 111 111111 1 

M8-292 39S1 11111 i 1 11111 11 1100010 001101 111 01101 1111 111111 1 

M9-712 40S1 11111 i 1 11101 11 0011111 111111 111 01111 1111 111111 1 

M9-924 41S1 11111 1 1 11111 11 0111111 111111 111 11111 1111 111111 i 

M15-11 42Sc 01000 o o 0110 1 11 1100101 000100 111 10000 0000 100000 i 

M16-16 4351 11011 1 i 1100 1 11 1101 1 1 1 1 110 o 1 111 11111 1101 001111 0 

M16-25 44Sc 11111 1 1 1110 i 11 1111 i 1 1 1 111 1 i 111 11010 1 111 111111 1 

M14-23 45Sc 11111 1 1 1111 i 11 1111 1 1 1 1 111 1 i 111 10100 1 111 110010 1 

M14-24 46Sc 11111 1 1 1111 1 il 1111 1 1 1 1 111 i 1 111 10001 i 011 110000 1 

M16-26 47Sc 11111 1 1 1111 1 11 1111 1 1 1 1 111 1 1 111 10111 1 111 110010 1 

M17-76 48Sd 11111 i 1 1111 1 11 0011 1 i 1 1 111 1 1 111 11111 1 111 101111 1 

M17-708 49Sd 11111 1 i 1110 1 11 0011 1 1 1 1 111 1 1 110 01011 i 111 110000 1 

M17-FDN23 50Sd 11111 1 i 0110 1 11 1100 o 1 o o 011 o o 111 01111 i 111 110000 1 

M21-16 51Sd 1 1 001 1 1 1110 11 1100 1 1 1 1 111 1 1 1_11 11000 1 101 111111 1 

M21-35 525d 11111 1 i 1110 1 11 0011 1 1 1 i 111 1 1 111 11111 i 111 111111 1 

M24-44 53Sd 11111 i 1 1111 1 I1 1111 i 1 1 1 111 1 1 111 10001 1 111 110000 1 

459 54Sc 11111 1 i 1111 1 I1 1111 1 1 1 1 111 i i 111 11111 i 111 111101 1 

852 55Sc 1 1 1 1 1 i 1 1111 1 11 1 1 1 1 1 1 i i 111 i 1 111 11001 1 111 110011 1 

865 565c 11111 i 1 1111 1 11 1111 1 1 1 1 111 1 1 111 11001 1 111 111111 1 

a 
The single strains were not identified on the matrix given to computer programmer. They are identified here to facilitate reading. 

b 
The phages were not identified on matrix given to computer programmer. They are identified on the facing page to facilitate reading. 

1 

1 1 1 

1 1 1 

1 1 1 1 1 1 1 1 1 1 1 

1 1. 1. 1 I 1 1 1 

1 1 1 1 1 f 1 1 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 
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unselected acceptable pairs containing either of the strains of the 

selected pair must not be used in the remainder of the rotation 

system. In selecting pairs, if more than one pair provided the same 

total in the column with the lowest sum, then the pair with the high- 

est sum total for all columns was to be selected. 

The Statistics Department of Oregon State University did the 

programming and computer experiments used in this phase of the 

study. 

Serological Studies 

Preparation of Phage -neutralizing Antiserum 

After a portion of the host -range studies had been completed, 

efforts were made to establish serological types among the bacterio- 

phages studied. To do this, four phages that appeared to have dif- 

ferent host -ranges were selected to be used as antigens in the prepa- 

ration of phage- neutralizing antiserum in rabbits. 

A procedure reported by Bowman and Patnode (8) was used 

with several modifications for preparation of the phage antigen. One 

liter of lysate was prepared in lactic broth which did not contain 

gelatin. The gelatin was found to be unnecessary and presented 

some problems since it was concentrated by the ammonium sulfate 

fractionation, causing solidification of the phage suspensions. 
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The lysates were salt -fractionated by the slow addition of 

282. 5 grams of ammonium sulfate at 4 °C with constant stirring. 

The resultant floculant precipitate contained the phage. 

The precipitated lysate was filtered through a four -inch 

Buchner funnel holding a one -eighth -inch layer of Celite filter -aid 

(Johns -Mansville Company, New York) over a Whatman number 1 

filter disc. The filter -aid and filter disc were eluted with 250 ml 

of a Tris -EDTA buffer (O. 1 M Tris plus 0. 01 M EDTA, pH 8. 0). 

The eluant was collected and transferred to one-half-inch cellophage 

dialysis tubing. It was dialyzed against 0. 85 percent sodium chloride 

for 48 hours. After dialysis the phage suspension was lyophilized 

to reduce the volume. The lyophilized preparation was resuspended 

in the Tris -EDTA buffer and centrifuged in the Beckman Model L 

ultracentrifuge in the 40 rotor at 100, 000g. The pellet was resus- 

pended in Tris -EDTA buffer and filtered through a sterile membrane 

filter of 0. 65 micron diameter pore size. Two 1 ml portions of the 

filtrate were inoculated into cooled, presteamed, fluid thioglycolate 

medium (Table 7) to test for sterility. 

Eight adult white rabbits were used for the preparation of the 

antiserum. The inoculation schedule was essentially that used by 

Roslycky et al. (61). Before the preparation of antisera, the rab- 

bits were bled and their sera tested against the phages to be used as 

antigens. Subsequently, each rabbit received seven intravenous 
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injections over a period of 15 days totalling 9. 75 ml of the phage 

10 
suspension containing 109 to 10 pfu /ml. A test bleeding of 5 ml 

from the ear was made on the sixth day after the last injection to 

check the antibody level. Three days later 45 ml of blood was col- 

lected from the ear. The serum was filtered through a membrane 

filter (0. 65 micron diameter pore size) and frozen until needed. 

Table 7. Composition of Thioglycollate Brotha 

Ingredient Grams per Liter 

Yeast Extract 5. 0 

Casitoneb 15. 0 

Glucose 1. 0 

Sodium Chloride 2. 5 

L- Cystineb 0. 05 

Thioglycollic Acid 0. 3 ml 

pH 7.1 

aPrior to testing solutions for sterility, the Thioglycollate Broth 
was steamed to drive off dissolved oxygen. 

bDifco Laboratories, Detroit 1, Michigan. 

Determining Serological Properties of the Phage 

The procedures of Roslycky et a1 (61) were used with a few 

modifications for assay of phage neutralization by the antisera. 

The diluent for the antisera was calcium- containing saline (0. 74 

percent NaC1 and 0. 11 percent CaC12). 
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The neutralization experiments were one hour in length and 

conducted at 37 °C in a stirring water bath. One ml of calcium- 

saline diluted phage at a titer of about 2 x 10 
6 pfu /ml and one ml of 

standardized antiserum were mixed and then allowed to incubate in 

serological test tubes for the one hour period. Both reagents had 

been tempered at 37 °C. The antisera had been standardized pre- 

viously such that at the neutralization dilution it caused the neutrali- 

zation of 90 percent of the phage pfu. Control tubes with phage and 

one ml of the diluent were incubated to measure the effect of tem- 

perature (37 °C) and time (one hour) on the phage pfu. 

After the incubation period, a one ml sample was taken and 

diluted immediately in 0. 85 percent saline previously chilled to 4 °C. 

Subsequent serial dilutions were performed in saline at 25 °C and 

the pfu /ml assayed in duplicate by the overlay method. 

Chemical Composition Studies 

Preparation of Bacterial Deoxyribonucleic Acid 

The method of Marmur (45) was the basic procedure used in 

isolation of deoxyribonucleic acid (DNA) from the organisms used in 

this study. Knittel (40, p. 17 -20) developed the technique modifica- 

tions necessary to obtain DNA from the lactic streptococci. Eighteen 

liters of lactic broth were prepared in a 20 -liter Pyrex carboy and 
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autoclaved for 50 minutes at 121 °C. The broth was inoculated with 

50 ml of an 18 -hour culture of S. diacetilactis AB3M9. The culture 

was incubated at 30 °C for 24 hours. The cells were harvested 

using the continuous flow centrifugation attachment for the Servall 

RC2 refrigerated centrifuge operating at a rotor speed of 10, 000 

rpm. Adjustment of the flow rate by pinch clamps was made to 

ensure that the supernatant was clear. The cells were resuspended 

in 0. 15 M sodium chloride prepared in 0. 1 M ethylenediaminetetra - 

acetic acid (EDTA) buffer at pH 8. 0. The cells were then recen- 

trifuged in the SS -34 rotor of the Servall RC2 at 5, 000 rpm. Cells 

were stored at -25 °C until used. 

The cells were thawed and resuspended in the pH 8. 0 saline- 

EDTA to a volume of 25 ml. Crystalline lysozyme (2 to 4 mg) was 

added to the cells and the mixture was held in a 37 °C water bath for 

four hours. Two ml of a 25 percent sodium lauryl sulfate were 

added and the mixture, which was now viscous, was cooled in an 

ice bath and transferred to a glass- stoppered 250 ml Erlynmeyer 

flask. The sodium ion concentration was adjusted to 1. 0 M by 

adding 5. 0 M sodium perchlorate. A volume of 24:1 chloroform - 

isoamyl alcohol mixture was added to deproteinize the DNA solu- 

tion. The mixture was subsequently shaken on a reciprocal shaker 

(160 strokes /min.) at room temperature (25 °C) for 30 minutes. The 

resultant emulsion of protein and nucleic acid was centrifuged at 
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10, 000 rpm with the SS -34 rotor of the RC2 Servall centrifuge for five 

minutes. The top layer was removed by a pipette, and the nucleic 

acid precipitated by the addition of two volumes of ice -cold 95 per- 

cent ethanol. The nucleic acid was recovered from the alcohol - 

nucleic acid interface on a glass stirring rod. The collected DNA 

was then dissolved from the glass rod in dilute saline- citrate solu- 

tion (O. 015 M NaCl and 0. 0015 M sodium citrate). By addition of 

1. 5 M NaC1 and O. 15 M sodium citrate, the saline- citrate concen- 

tration was increased to 0. 15 M and O. 015 M respectively (referred 

to below as standard saline- citrate solution - SSC). The process 

was repeated a total of five times. By this time there was very little 

protein visible at the nucleic acid -chloroform interface. After the 

last nucleic acid precipitation and collection, the nucleic acid was 

dissolved in the dilute saline- citrate (O. 015M:0. 0015M) which was 

adjusted as before to 0. 15 M NaC1 and 0. 015M sodium citrate. The 

extracted nucleic acid was then treated with ribonuclease (0. 2 per- 

cent in 0. 15M NaCl, pH 5. 0 Calbiochem, Los Angeles, California) 

for 30 minutes at a final concentration of 5011 g /ml. The nucleic acid 

solution then was treated again with chloroform;isoamyl alcohol, 

precipitated and redissolved in 9'ml of dilute saline- citrate 

(0. 015M:0. 0015M). One ml of 5. 0 M sodium acetate was added and 

the solution stirred with a glass rod. The nucleic acid was precipi- 

tated by the addition of 5 ml of isopropyl alcohol, dropwise, to the 

. 
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mixing solution. The DNA was washed, first in 70 percent ethanol 

and then in 95 percent ethanol. The purified DNA was dissolved in 

SSC solution at pH 7.0 and stored at -25 °C until used. 

Preparation of Bacteriophage DNA 

Three liters of phage lysate of bacteriophage AC1L1 16M 

grown on S. diacetilactis AB3M9 were prepared in lactic broth. 

Bacterial debris was removed by passing the lysate through the con- 

tinuous flow attachment of the RC2 refrigerated centrifuge as 

described previously. 

The bacterial DNA was destroyed by addition of DNase (0.04µg 

per ml of lysate) and incubation of 37 °C for one hour after the Mg 
++ 

ion concentration was adjusted to a 0.01 M with a MgSO4 solution. 

After incubation, the lysate was centrifuged for 90 minutes with the 

21 rotor in the Beckman model L -2 ultracentrifuge at 17, 500 rpm. 

The supernatant was discarded, and the pellets allowed to suspend 

naturally in 1.0 ml SSC in the centrifuge tubes at 4°C overnight. 

The tube contents were then pooled. 

The procedure for preparation of purified phage DNA was a 

modified procedure of Anderson (4). Equal volumes of phage sus- 

pension and buffer - saturated phenol (the phenol was distilled just 

prior to use and showed no trace of yellow color) were gently mixed 

for five minutes. The buffer used for saturation of the phenol was 
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0.15 M NaC1, 0.1 M Na2HPO4 and 0.02 M sodium citrate adjusted to 

pH 8.0. The phage -phenol mixture was centrifuged in the SS -34 rotor 

of the RC2 Servall centrifuge at 5,000 rpm for five minutes. The 

aqueous layer was then drawn off with the aid of a capillary pipette. 

This aqueous layer was extracted twice more with equal volumes of 

buffer - saturated phenol as above. Following the phenol extractions, 

five deproteinization cycles were performed with the chloroform: 

isoamly alcohol (24:1) procedure given previously. The DNA solution 

and the chloroform :isoamyl alcohol were mixed in equal volumes, 

shakes gently for five minutes, centrifuged at 5, 000 rpm with the 

SS -34 rotor of the RC2 centrifuge for five minutes and the aqueous 

layer removed with the aid of the capillary pipette. 

After the chloroform:isoamyl deproteinization the DNA prepa- 

ration was dialyzed in one -half -inch cellophane dialysis tubing for 

48 hours against five changes of SSC. The concentration of DNA 

was determined using the 260 mµ and 280 mµ absorbances with the 

nomograph of Adams (1). The phage DNA was stored at -25 °C 

until used. 

Thermal Denaturation Studies 

The general procedure outlined by DeLey and Schell (27) was 

used for obtaining the thermal melting (Tm) points of the DNA prepa- 

rations. 
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The purified DNA was dissolved in SSC at pH 7. 0 and diluted 

with SSC to give an absorbancy reading between O. 20 and O. 25 at 

260 mµ,. Three ml of the solution were placed in a glass stoppered 

Beckman standard silica cuvette. Three ml of the SSC solution was 

placed in a second cuvette which was used as a blank. The two 

cuvettes were placed in a cuvette holder and then in the sample 

chamber of a Beckman Model Du spectrophotometer that was part 

of a Gilford Model 2000 multiple absorbance recording system. 

The Gilford 2000 system was equipped with a four -channel 

recorder, a cuvette positioner, a linear thermosensor, an auxiliary 

offset control, an absorbancy read -out window and an automatic 

blank compensator. 

The sample chamber was enclosed on two sides by thermo- 

spacers which were connected to a circulating, thermostatically 

controlled Haake water bath. The bath circulated heated propylene 

glycol through the thermospacers. A second set of thermospacers, 

separated from the first by a plate of bakelite insulation, circulated 

tap water, which protected the optical system of the spectropho- 

tometer from excessive heat. 

The DNA sample was equilibrated at 25 °C and the absorbancy 

was recorded. The temperature of the chamber was raised to 70 °C 

and the samples allowed to equilibrate for about 20 minutes before 

further temperature increase. After equilibration at 70 °C, the 

- 
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temperature was raised by manual adjustment of the Haake thermo- 

stat at a rate of about 0. 25 degree per minute. The changes in ab- 

sorbancy were recorded along with the temperature. 

The recorder scale was set so that 0 and 100 percent cor- 

responded to absorbancies of O. 000 and 0. 300 respectively. The 

blank compensator always adjusted the recorder to record the blank 

at 0 percent; therefore, the DNA sample absorbancy recorded was a 

difference absorbancy. The auxiliary offset was used to position the 

resultant absorbancy profile on the chart in a position that would 

not overlap with the temperature curve. The temperature scale was 

calibrated so that full scale was from 60 to 100 °C. Calibrations 

at 0 percent , 50 percent and 100 percent corresponded to 60, 80 and 

100 °C r e sp e c#ue 1 y .. The chart speed was one -fourth -inch per 

minute, and the dwell time for recording was five seconds. The 

penlift was used. 

The temperature was increased until a plateau in absorbancy 

was reached. At this point a reading of the absorbancy was taken 

at the read -out window. Data were taken from the curves so that 

the absorbancy readings could be corrected for thermal expansion 

by multiplying the absorbancy by the ratio Vt/ V250C 
(Table 8). 
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Table 8. ThermalFxpansion Conversion Factors (Vt/ V25 °C) Used 

for Correcting DNA Absorbancy Values. 

ature Temperature Vt/ V25°C Temperature Vt/ V25°C 

25 
70 
71 
72 
73 

1. 0000 
1.0197 
1.0203 
1.0209 
1.0215 

85 
86 
87 
88 
89 

1. 0293 
1.0300 
1. 0308 
1.0314 
1.0321 

74 1.0221 90 1.0329 
75 1.0228 91 1. 0336 
76 1. 0234 92 1. 0343 
77 1.0240 93 1. 0351 
78 1. 0247 94 1. 0358 
79 1. 0253 95 1. 0365 
80 1. 0260 96 1. 0373 
81 1. 0266 97 1. 0379 
82 1. 0273 98 1. 0387 
83 1. 0280 99 1. 0395 
84 1. 0287 100 1.0404 

Phage Purification for Amino Acid Analysis 

Twenty -two liters of phage AC1L1 16M grown on S. diaceti- 

lactis . A B 3 M9 in one -liter quantities in the modified lactic 

broth were prepared. The lysates were clarified by centrifugation 

with the GSA rotor of the RC2 Servall centrifuge for 20 minutes at 

6, 000 rpm. The clarified lysates were filtered successively through 

the 1. 2 micron and 0.45 micron membrane filters. The filtrations 

aided removal of bacterial debris. The filtrate was then centrifuged 

with the 21 rotor of the Beckman Model L2 ultracentrifuge at 17, 500 

rpm for 90 minutes. The pellets were resuspended by standing 

oc oc 

. 
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overnight in three ml of Tris -saline buffer (O. 05 M NaC1, O. 01 M 

tris and 0. 001 M MgC12 at pH 7. 3). The resuspended pellets were 

then centrifuged at 5, 000 rpm in the SS -34 rotor of the RC2 centri- 

fuge for five minutes. The supernatant was centrifuged for two 

hours at 19, 000 rpm in the 30 rotor of the Model L2. The pellets 

were allowed to resuspend overnight in three ml of the Tris - saline 

buffer. The resultant suspension was centrifuged at 5, 000 rpm for 

five minutes in the SS -34 rotor of the RC2 centrifuge. The super- 

natant was filtered through a O. 8 micron membrane filter for re- 

moval of as much debris as possible. 

Cesium chloride gradient density was used for phage purifica- 

tion. The method was essentially that of Ganesan and Lederberg (33). 

The cesium chloride, 99 percent (K and K Laboratories, Plainview, 

New York), was prepared as a saturated solution in the Tris -saline 

buffer. Forty grams of cesium chloride were mixed with 20 ml of 

buffer, steamed for ten minutes to aid solution and stored at 4 °C. 

Two ml of saturated cesium chloride and three ml of phage 

suspension were added to a five ml nitrocellulose centrifuge tube. 

The tubes were placed in the SW39 swinging bucket rotor and centri- 

fuged at 29, 000 rpm for 20 to 24 hours at 4 °C in the Model L ultra- 

centrifuge. 

The band of phage (Figure 2) was visible in the gradient and 

a Beckman Tube Slicer was used to remove the band. The phages 
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Figure 2. Cesium chloride density gradient purification of phage. 
The photograph shows the narrow phage band near the 
bottom. The broad band presumably consists of 
bacterial debris and disrupted phage. The upper band 
was always present and apparently is bacterial debris. 

-- 
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removed from the gradient were dialyzed against two changes of 

Tris- saline buffer for 48 hours. 

Amino Acid Analysis of Phage 

Preparation of phage protein for amino acid analysis was 

performed using the methods of Fitch and Susman (31). 

The purified phage in Tris- saline buffer had a bluish opales- 

cence. An equal volume of 10 percent trichloroacetic acid (TCA) 

was added to the suspension of phage that contained about 4 mg of 

protein as determined by the Lowry method (44). The mixture was 

then heated to 90 °C for 15 minutes, cooled, and centrifuged for 30 

minutes at 3, 000 g in the RC2 Servall centrifuge, SS -34 rotor. The 

precipitate was washed three times with five percent TCA and 

finally suspended in a small amount of H2O and dialyzed 36 hours 

against distilled H2O. The dialyzed precipitate was lyophilized. 

The dried protein was then added to an ignition tube (Virtis -five 

ml ampule) and flushed repeatedly with nitrogen after addition of 

constant boiling HC1 (7). The tubes were then sealed and placed in 

a oven at 110 °C for 24 hours. Aliquots of the resultant hydrolysate 

were chromatographed on a Beckman Spinco model 120 amino acid 

analyzer. No attempt was made to determine the effect of varying 

times of hydrolysis. 
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Bacteriophage which had been purified on the cesium chloride 

density gradient were used for negative staining and shadow cast 

preparations. A RCA EM2 electron microscope was used. 

The negative stained preparations were made by the method 

of Brenner and Horne (9). Aerosolized microdroplets of a phage 

suspension (about 2 x 10 
10 

pfu /ml) in phosphotungstic acid were ap- 

plied to 200 mesh copper grids that had a supporting film of Formvar. 

The phosphotungstic acid was a two percent solution; concentrated 

NaOH was added dropwise until pH 7. 0 was achieved. The phospho- 

tungstic acid was added to the phage suspension in a 1: 1 volume ratio. 

A nasal spayer, available at drugstores, was used for spraying the 

phage onto the grids. The Formvar (trade name of a polyvinyl formal 

plastic -- Shawinigan Products Company, 350 Fifth Avenue, New York, 

New York) supporting film was made by use of a 0. 5 percent Formvar 

E solution in ethylene dichloride. Pease (54, p. 198) has described 

the general procedure. For shadow cast preparations, grids were 

prepared the same as with the negative stains except that only phage 

was sprayed on the grids. Latex beads were added to one prepara- 

tion for the purpose of sizing the phage. The grids were shadowed 

with an alloy of platinum:palladium (4:1) with a density of 19. 4. The 
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shadowing angle was about 30 degrees. A piece of white porcelain 

was laid an equal distance from the evaporating source to observe 

the buildup of evaporated metal. A Mikros Vacuum Evaporator VE10 

( Mikros, Inc. , Portland, Oregon) was used. 

For sizing the phage, polystyrene -latex beads (Dow Chemical 

Company, Bioproducts Department, Midland, Michigan) were in- 

cluded with the phage in a shadow cast preparation. The beads had a 

particle diameter of 0.264 micron with a standard deviation of 0.006 

micron as determined by 577 measurements. 

The photographic plates used in the electron microscope were 

extremely fine grain Kodak projector slide plates that were two by 

10 inches. A Durst Photographic enlarger was used for the printing 

of the pictures. 

Phosphorus Determination 

The determination of phosphorus in the purified phage was 

determined by the Allen method (3). A lyophilized sample of the phage 

in Tris- saline buffer was placed in a micro Kjeldahl flask and 2.2 ml 

of perchloric acid (60 percent V:V solution) and a small glass bead 

was added. The flask was heated over a microburner until the con- 

tents became colorless. A few drops of 30 percent H2O2 were added 

to complete combustion of organic material. Two ml of amidol 

. 
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reagent (2g 2,4 diaminophenol dihydrochloride and 40 g sodium bi- 

sulfite dissolved in glass distilled H2O and diluted to 200 ml) and 

1 ml of ammonium molybdate solution (8. 3 percent solution in dis- 

tilled H2O) were added. Distilled H2O was added to 25 ml. The 

solution was mixed and allowed to stand ten minutes before reading 

on a Bausch and Lomb Spectronic 20 colorimeter at 650 mµ. A 

standard curve was prepared using a stock solution containing one 

mg phosphorus per ml. The stock solution was prepared by dis- 

solving 1. 0967 g KH2PO4 (dried in a 110°C air oven for 24 hours) in 

distilled H2O and diluted to 250 ml. The stock solution can be 

stored over a few drops of chloroform at 0°C indefinitely. 

Nitrogen Determination 

The micro Kjeldahl method of Ballentine (6, p. 989 -991) was 

used to determine the nitrogen content of the phage protein. A 

LabCon Model A (Laboratory Construction Company, Kansas City, 

Mo.) micro Kjeldahl apparatus was used. The phage protein was 

prepared by TCA precipitation as described for preparation of phage 

protein for amino acid analysis. The preparation was lyophilyzed, 

weighed on an analytical balance and then placed into the bottom of 

a small Kjeldahl digestion flask. One ml of concentrated H2SO4 was 

added along with one glass bead. The flask was heated gently until 

copious amounts of white fumes of SO2 evolved, then the flask was 
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heated at maximum heat for 20 to 30 minutes. One drop of H2O2 

(30 percent) was added directly to the H2SO4 mixture, swirled 

gently to mix, and the digestion allowed to continue for ten minutes. 

The mixture was boiled vigorously for ten minutes after it became 

clear. The mixture was then cooled. 

The contents of the digestion flasks were swirled and then 

poured into the inner chamber of the distillation flask. The digestion 

flask was washed three times with about one ml of distilled H2O. 

Twenty ml of base (100g NaOH and 50g Na2S2O3 dissolved in 1, 000 

ml H2O) were added and the funnel that was used for filling the 

inner chamber was rinsed. 

A receiver flask containing five ml borate (four percent boric 

acid), 15 ml H2O and two drops mixed indicator (five parts 0. 2 per- 

cent Brom Cresol Green, one part 0. 02 percent Methyl Red; both 

indicators dissolved in 95 percent ethanol) was placed under the con- 

denser. The condenser tip was immersed into the receiving fluid. 

Distillation was initiated carefully. When the first blue color ap- 

peared, the distillation was continued for five more minutes. During 

the last minute the condenser tip was removed from the receiving 

fluid. The condenser tip was washed with distilled H2O and the wash 

water was collected in the receiving flask. 

The boric acid solution was titrated and the results were 

expressed as the amount of protein N determined according to the 
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relationship: 1 ml of 0. 01 N potassium biniodate is equal to 0. 14008 

mg of protein nitrogen. The potassium biniodate (KH(104) 2) stock 

solution was prepared by dissolving 19. 5 g in H2O and diluting to 

one liter; the stock solution was diluted five -fold before titration. 
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RESULTS 

Strain Dominance Studies 

The results shown in Table 9 confirm that subculturing a 

mixed - strain starter culture can result in an imbalance of strains. 

Infection by one phage strain may then cause the culture to be in- 

active. It is readily seen that the protection afforded by the mixture 

of strains can be lost within five transfers. Another fact seen in 

Table 9 is that the strain with the shortest generation time did not 

dominate the culture. 

Table 9. Strain Proportions Among Isolates from a Mixed Strain 
Starter Culture after One and Five Transfers. 

Strain 
After 1 After 5 

Transfer Transfers 

S. cremoris M1W1-6 

S. lactis M9-712 

S. diacetilactis M16-16A 

S. diacetilactis M14-23A 

2. 6a 
12.5 

47. 0 

37.7 

O. Ob 

8. 7 

91. 3 

aData are given as percentage of all isolated colonies. 

bNo cultures of these strains found among 194 isolated colonies. 

Evaluation of Bacteriophage Isolation 
and Maintenance Techniques 

Table 10 presents bacteriophage survival percentages after 

storage for one week at the different temperatures and acidities. 

0. 0b 
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Table 10. Survival of phages for S. diacetilactis 18 -16, S. lactis 
c2 and S. cremoris 8 after a Week of Storage at 25°C 
Under Neutral and Acid Conditions 

Phage Tempera- 
ture 

Initial 
Reaction 

Initial 
Phage 
Titer 
x 107 

Final 
Phage 
Titer 
x 107 

Percent 
Survival 

18 -16 

2 °C 

2 °C 

Acid 

Neutral 

18.0 

20. 0 

19.0 

20. 0 

105.0 

100. 0 

25 °C Acid 18.0 7.4 41.0 
25 °C Neutral 21.0 9. 1 49.8 

2 °C Acid 7.0 0.95 12.9 

c2 2°C Neutral 4.9 0.35 7.3 
25°C Acid 5.5 0.74 13.5 

25°C Neutral 3. 4 0. 60 17. 6 

2°C Acid 1. 1 0.91 83.6 

2°C Neutral 1.4 0.72 51.5 
8 

25°C Acid 1.2 0.91 75.8 

25°C Neutral 1.2 0.83 69.0 

a pfu/ ml 
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The fresh Cottage cheese whey had a titratable acidity of 0. 66 

percent and a pH of 4. 7. At the end of the one week storage period, 

the pH of the samples held at room temperature, including those 

neutralized, ranged from 4. 7 to 4. 9. The neutralized samples held 

at 2 °C had final pH values that ranged from 6. 8 to 7. 0 after storage 

for one week. While phages survived under each condition, it may 

be seen that unneutralized, refrigerated suspensions of the S. 

diacetilactis and S. cremoris phages showed better survival; the c2 

phage appeared quite labile under all conditions. Results of phage 

recovery from acid -coagulated milk are presented in Table 11. It 

may be seen that only about 50 percent of the phages could be re- 

covered. 

Figure 3 compares the percentage of phages recovered from 

whey suspensions following sterilization by membrane and Seitz 

filtration. It is clear that membrane filtration was superior to 

Seitz filtration. 

Data in Table 12 show that polyethylene glycol could be used 

to concentrate S. cremoris phages without causing the loss of a 

significant number of viruses. This technique also was useful in 

concentrating other lactic phage preparations. 

Data in Table 13 show that the lyophilization treatment inacti- 

vated at least half of the phage particles. 



50 

Table 11. Recovery of Phages S. diacetilactis 18 -16, S. lactis c2 and S. cremoris 8 from 10 

ml of Nonfat Milk Coagulated by Addition of Sterile Lactic Acid 
Phage Titer of Total Phage 

Total Phage ml Whey Whey x 108 Recovery Percent 
Phage Added x 108 Recovered pfu /ml x 108 Recovery 

18-16 13.0 9.2 0.68 

c2 22.0 9.2 1.3 

8 1.8 9.2 0.13 

6.2 

12.0 

1.2 

47.7 

54.5 

66.7 

Table 12. Effect of Carbowax Concentration of Whey on the Titer (pfu /ml) of S. cremoris 8 Phage 

Phage Titer 
ml Volume (pfu /ml) % Phage 

Trial Original Final Original Final Recovered 

1 100 22 7.6 38.0 110 

2 80 15 90.0 340.0 77.4 

3 100 20 2.3 11 95.7 

Table 13. Effect of Lyophilization on Survival of Lactic Phages in Nonfat Milk 

Phage 

Phage Titer7 
(pfu /ml x 10 ) 

Before 48 8 24 Percent 
Lyophilizing Hr Days Days Decreases 

18-16 49.0 21.0 10.0 

c2 43.0 2.3 12.0 

8 4.4 0.94 2.6 

57.2 

94. 5 

78.8 

a 
from data obtained after 48 hr. 

18.0 

1.9 

1.3 
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Figure 3. Comparison of percentages of phages for 
S. lactis C2, S. cremoris 8 and S. diacetilactis 
18 -16 recovered from whey sterilized by Seitz 
(hatched bars) and membrane (clear bars) 
filtration. 
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Host -range Studies 

Table 14 shows the cross reaction patterns of several phages. 

The strains of lactic streptococci were isolated from different com- 

mercial brands of mixed - strain starter cultures. The table em- 

phasizes one of the reasons for so much difficulty with phage inhibi- 

tion of starter cultures in the dairy industry. For example, phage 

d2 isolated on host D2, obtained by plating a mixed- strain culture 

supplied by company D, lysed strains isolated from another mixed - 

strain culture (Dl) from the same company as well as strains isolated 

from mixed- strain cultures from suppliers A, B and E. 

Table 15 presents the host -range data for 59 bacteriophages. 

The phages were isolated from a different source when common 

hosts were used for isolation and a typical assay plate from a host - 

range experiment is shown in Figure 4. 

The data in Table 15 are arranged so that phages with similar 

lytic patterns are placed in adjacent columns, and strains with 

similar susceptibility patterns are placed in succeeding rows. The 

results show that there is one group of phages, generally attacking 

the strains of S. diacetilactis, that have a broad range of infection 

for the hosts used in this study. Other phage groups are not as 

extensive in host range and also are not as easily well defined into 

groups. 

. 
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Table 14. Cross Infection Patterns by Bacteriophages for Strains 
of Lactic Streptococci Isolated from Different Brands 
of Commercial Mixed Strain Starter Cultures 

Phage Single Strainsa 
Alb A2 B1 B2 Cl C2 D1 D2 El 

alc 

a2 

+d 

+ 

+ 

+ 

+ 

+ 

- 

- 

- 

- 

- 

- 

- - 

+ 

+ 

+ 

b1 + + + - - - + 

b2 - - + - - 

cl + + + + - - + + 

c2 + + + - + 

dl + - - - + + - 

d2 + + + - + + + 

el + + + + + - + + 

aAll strains tested were isolated from different commercial mixed 
strain cultures. For example, strains Al and A2 are from differ- 
ent mixed strain cultures supplied by supplier A. 

Species identity of cultures is: Al, A2, Cl and C2 are S. diaceti- 
lactis; B1, B2, D1, D2, and El are S. cremoris. 

cPhages are identified by giving them the same numbers as the 
homologous host used during their primary isolation. 

d+ means inhibition on lawn of the single strain by 1 drop of sterile 
phage lysate. 

- 

- 

- 

- - 

- 

- 

- 

- 

- 

- - 

- - 



Group A 
Code for Bacteriophages for Table 15, 

1 AC1M1 24A 34 AB3M9 16M 

2 AC1C1 8M Group B 

3 AC1C5 24A 35 31M 

4 AC1M1 16M 36 40P 

5 AC1C1 16M 37 27M 

6 Sd 18-16 38 36P 

7 AC1M3 16M 39 36M 

8 AC1C6 16M 40 32M 

9 AC1C5 16M 41 35M 

10 AC1L5 8M Group C 

11 AC1C2 24A 42 8M 

12 AC1C6 14M 43 27A 

13 AB3M8 16M 44 80 

14 AB3M8 8M 45 130 

15 AC1L5 16M 46 13M 

16 AB3L2 24A 47 5P 

17 H 10L4 48 2M 

18 AC1M2 16M 49 3M 

19 AB3L5 8M Group D 

20 AB3L3 16M 50 39P 

21 AC1M1 24A 51 38P 

22 AC1L10 16M 52 24M 

23 AC1M3 16M 53 1M 

24 AC1L1 16M Group E 

25 AC1C10 16M 54 J 16M 

26 AB3L2 14M 55 J 24A 

27 AB3C5 16M 56 J 14M 

28 29M Group F 

29 AC1M3 8M 57 12M 

30 AC1M9 24A 58 15M 

31 M9L4 16M Group G 

32 AC1C2 8M 59 BM1 16M 

33 AB3C1 8M Group H 

60 S1 C2 



Table 15. Host -Range Patterns among the Lactic Streptococcal Bacteriophages. a 

Strain Species Bacteriophage b 
O y N Mr [n tD [--. 00 01 O.-i NCO,: [n to N. co 01 O N M d, tA VD [- 00 MO l0 °c7l O i N M d M l0 h CO p1 O [A lD h. CX) M.-4 CAN CA N N N NN NN M CO mm m M M Cf) M K? d' er Ch- ep ,par in min tAtA [f1 ln [A [A tD 

AB3L5 Sd 00000000000000000000 0000000000000 
AC1L10 00000000000000000000000000000000 0 0 
AC1M3 " 000000000000000000000000000000000 0 
AC1M9 00 00000 0 000 000000 00000 0 00 
AC1L1 0000000000000000000000000000000000 
AB3L2 0000000000000000000000000000000000 
M9C3 0000000000000000000 000000000000 00 0 
AB3C5 00000000000000000000000000000000 
AB3M9 0000000000 0000000000000000000 0 
AB3C1 0000000000 00000000000000 0000 00 
M15-11 000000 00 0000000 0000 0000 0000000 0 
AC1C10 000 0000 000 000000000000000 
AC1C1 0000000000 0000000000 00000 00 
H1OL4 0000 0000 0000000 0 0000 00 00 
AB3L3 0000 0000 000000000000000 00 00 
AC1L5 " 00000 000 000000000000000 000 00 
AC1C6 0000 000 00000000000000 00 
AC1C5 000000000000000 0 0000 0 
AC1M2 000000 000 0000 0 000 00 
Sd 18-16 0000 0 0 0 0 0 00 
M16-16 Si 0 000 0 0 00 0 000 000 0 
M17-FDN23 Sd 0000000 0 0000 00 
M8-292 0000000 0 0 0 
AC1M1 000000 0 00 
M21-16 0 0 0 0 0 0 0 0 0 0 
M1W1-5 Sc 0 00 0000000 
M1W1-4 " 0 0 0 000000 
M4W4-3 00000000 0 
BM1 0 00000 00 
M1W1-6 " 00000000 
M2W2-7 00000000 
M4W4-6 12803 0 0 0 0 0 0 0 0 
M2W2-8 0000000 
M2W2-5 0000000 
M2W2-6 0 00000 
M1W1-3 0 0 0 0 

M14-24 Sc 0 000000 0 
M21-44 
M14-23 00 000 0 
852 000 0 
M17-708 Sd 00000 0 0000 
M16-26 Sc 0 0 0 0 
M21-7 Si 0 0 0 0 0 0 
M19-712 0 0 0 0 
ML2 0 0 0 0 
F2D2 0 0 0 0 
M17-76 Sd 00 
M21-35 00 0 
M21-28 00 0 
M1C7 Sc 00 
M3W3-4 " 00 
J 000 
M9C1 000 
M9C10 o 
M3W3-5 120303 " 0 
M4W4-5 12803 0 00 
AM3 00 00 
M4W4-4 12803 " 0 
865 0 o 
290 o 
BR4 0 
ML8 0 
AMI o 
M16-25 0 0 0 
M9-924 Si 0 
Si C2 

AB3M8 Sd 0 
459 0 
Da-1 
222 
291 
TR 

US3 

E8 

Z8 

R1 

AM2 

ML 1 

ML3 

TL1 

KL2 Sd 
AC1M1 
M9L4 Sc 
M3W3-2 12803 
MSCHN 272 
M5-13-1 

M5-19-3 Sc 
M8-2892 12803 SI 

M8-2242 
M9C2 
M15-19 
990 Sc 
819 

799 
01 

221 

00 
107/6 
M9CHN272 12503 

0 

0 

a 
The zeros indicate lysis of the lactic streptococcal strains by the phages. Blank spaces indicate non -lysis. 
Phages are listed on facing page. 
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Figure 4. Lawns of lactic streptococci infected with phages through the use of an inoculation 
device. Both lawns were exposed by direct contact to the same phages. The photo- 
graph on the left shows a bacterial strain that is lysed by phage strains that are non - 
lytic for the bacterial strain in the photograph on the right. 
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The establishments of Group A, B, C, D, E, F, G and H as shown 

in Table 15 emphasizes that there appears to be eight different 

phages from the standpoint of host -range patterns. Groups G and H 

contain only one phage each; however, these are definitely different 

phages and it seems probable that phages similar to these could be 

isolated from nature with extended effort. 

Group A contains 34 phages which primarily attack strains of 

S. diacetilactis. Group B contains seven phages, and these phages 

attack primarily strains of S. cremoris. Group C contains eight 

phages which attack primarily strains of S. cremoris. Group D 

contains four phages that are most infective for strains of S. lactis. 

The two phages of Group E are mainly lytic for strains of S. cremoris. 

Group F contains two phages which attack strains of S. cremoris. 

Group G contains one phage for an S. cremoris strain while Group H 

contains one phage attacking a strain of S. lactis. 

In general, it appears that the species boundary is maintained 

when considering the lytic patterns of the phages in this study. Also, 

it is apparent that phages within particular groups vary considerably 

as to their lytic range. 

The number of strains for which no phages were isolated was 

surprising. Most of these strains were from foreign countries and 

probably have not been used in dairy plants that were the sources of 

the whey for phage isolation attempts. Repeated efforts to isolate 
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phages for this group were unsuccessful; however, no attempts were 

made to secure whey samples from parts of the world where these 

cultures are used. An interesting fact seen in Table 15 is that while 

phages isolated on S. diacetilactis strains will lysis mainly other S. 

diacetilactis strains, some can also lyse S. lactis and S. cremoris 

strains (e. g. , phage AC1M1 24A). Likewise there was a phage 

isolated (1M) on a S. lactis strain that was able to lyse strains of S. 

cremoris and S. diacetilactis. Finally, there was a phage isolated 

(27A) on an S. cremoris stain that was able to lyse strains of S. 

lactis and S. diacetilactis. 

With the information from the host -range studies available, 

an attempt was made to blend three strains of lactic streptococci in 

a mixed -strain starter culture to provide maximum protection against 

phage attack. It was desired to use one of the strains for which no 

phages were found as one strain in each culture; a different strain 

was to be used for each different culture. The problem was then to 

select pairs of strains, that would not be lysed by a common phage, 

for blending with each of these "phageless" strains. The matrix 

given to the computer programmer for selecting these was shown 

earlier (Table 6). Only those strains of cultures and phages that 

gave different lysis patterns were included in the matrix; the phages 

were listed in the columns and the strains in rows. A lytic host - 

phage interaction was denoted by a zero and a non -lytic interaction 
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by a one. Acceptable pairs must have given a total of at least one 

in each column after adding the rows for the strains together and the 

maximum total for all columns for a given pair was 110. The com- 

puter was appropriately programmed to give this desired information 

and Table 16 shows the data provided by the computer for only a few 

acceptable pairs since 1, 051 pairs actually were selected and printed 

out. 

The numbers to the right of "column with minimum total" 

merely serve to identify the number (positionon the matrix) of the 

columns with the minimum total and having at least one zero in the 

column. The total number (e. g. "Total 94" for pair 2) reflects the 

sum of ones and zeros for that particular strain pair, and is a gen- 

eral reflection of the phage sensitivity of a given pair since the 

higher the number the more ones (no lysis) included in the total. 

A sequence of acceptable pairs of strains was next selected 

so that the sequence would provide maximum protection against 

phage infection. The method of pair selection described above pro- 

vided protection for the pairs against the phages that had the great- 

est host -ranges. It was always the goal to select the next pair of 

strains in the sequence such that neither strain would be lysed by 

the phage which was active against the greatest number of strains 

already included in the previously selected pairs. 

Table 17 shows the sequence of cultures that evolved by 



Table 16. Pairs of Acceptable Strains Selected by the Computera. 

PAIR 2 

ROW 43SL 11011111100111111110111111100111111111111111011001111101 
ROW 46SC 1 111 11111 111 111111 i 1111111 11 1111111 1100011 10111110000111 TOTAL 94 

COLUMN WITH MINIMUM TOTAL -- 3 10 11 20 28 29 38 39 40 44 45 48 49 50 51 52 53 55 

PAIR 3 

ROW 43SL 110111111001111111101111111001 1 111 11 111111110110011 11101 
ROW 55SC 11111111111111111111111111111111111111001111111110011111 TOTAL 98 

COLUMN WITH MINIMUM TOTAL -- 3 10 11 20 28 29 39 40 45 48 49 50 51 55 

PAIR 4 

ROW 43SL 1101111110011111 111011 111 110011 11 111111111110110011 11101 
ROW 56SC 11111111111111111111111111111111111111001111111111111111 TOTAL 100 

COLUMN WITH MINIMUM TOTAL -- 3 10 11 20 28 29 39 40 45 48 49 55 

aThere were 1, 051 acceptable pairs selected but only three are listed here to illustrate the type of information that the computer analysis provided. The ones correspond to no lysis and the zeros 
correspond to lysis. 

a 0 



Code for Bacteriophages for Table 17. 

1. AC1M9 24A 29. AC1M1 16M 

2. J 24A 30. Sd 18-16 

3. AC1M2 16M 31. S1 c2 

4. AB3L5 24A 32. AC1M3 16M 

5. H1OL4 14M 33. AC1M3 8M 

6. AC 1L1 16M 34. 2M 

7. AB3L3 16M 35. 5P 

8. AC1C10 16M 36. AC1C6 14M 

9. 130 37. 24M 

10. AC 106 16M 38. 40P 

11. 1M 39. 27M 

12. 12M 40. 27A 

13. 8M 41. 31M 

14. AB3M9 16M 42. 80 

15. AB3C1 8M 43. M9L4 16M 

16. J 14M 44. AB3L2 14M 

17. J 16M 45. AC1M1 24A 

18. 39P 46. AB3L5 8M 

19. 38P 47. AC1C2 8M 

20. AC1M1 24A 48. AC1C2 24A 

21. AC1C1 8M 49. 29M 

22. AC1L10 8M 50. 36P 

23. AC1C5 16M 51. 36M 

24. AC 1L5 8M 52. 35M 

25. AC 105 24A 53. 32M 

26. AC1C1 16M 54. BM1 16M 

27. AC1L5 16M 55. AB3C5 16M 

28. AC1L10 16M 56. AB3M8 16M 



Table 17. Culture Sequence Using the Acceptable Pairs to Provide Maximum Protection for Pairs Against Phage Infection. 

Culture 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Strain 
Bacteriophages .JD 

O-qN Mnr ll1 to N af m0 -+N M v uY to N o0 0l 0A N Md' [n to h o0 0l O-I N cf) [}'UntO h o0 0l O-I N M d' If) V:+ o 
N M -cr[fNo h co ... N NN N N N N N N N M M M MM M M M M M v v v v v v v d' v v to [n !n ln ln In lfI H 

M9C10 
M3W35 120303 

H119 

Oa 

0 

0 

M9-924 0 

S1C2 0 
290 

AB3M8 

459 

0 

0 

M16-25 0 0 0 
M16-26 0 

M2W2-6 0 0 0 0 

AC1M1 0 00 00 000 0 

M1C7 0 0 

M4W4-5 12803 0 0 

M21-35 0 0 0 

M1W1-3 0 0 0 0 

AM3 

Sd 18-16 

J 

M17-76 
o 

0O 
0 0 00 0 000 0 0 

00 
00 0 

0 

00 0 

M16-16 0 00 o 00 0 00 0 
865 0 0 

AC1M2 
M9-712 

AC1C10 
M4W4-4 12803 

00 0 

0 

00 00 00000 00 0 

00 0 

O 000000 0 00 000000000 00 0 

0 0 

M21-7 0 0 0 0 0 0 

852 0 0 

o o o 

000 00 

00 

AC1C5 0 000000000000 0 0 0 000 00 
M17-708 0 00 0 0 0 -0000 

M2W2-8 0 0 0 0 0 

M17-FDN-23 0 0 000 000 00 o 0000 

AC1M9 O 000 0 0 00 000 0 0 00 0 0 000 00 
M21-44 000 0000 

AC1C6 000000 0 00 0000 0 000 O 0 00 0 

M1W1-6 0 0 0 0 0 0 

AC1L5 0 000 0 0 00 00 0000000 00 0 000 0 0 

M14-23 0 0 0 0 0 0 

AC1C1 
BM1 

O 000000 0 00000000 00 0 0 0000 0 00 
0 0 o 000 o 

M9C3 00000000 0 0000000000 00 00 0 00 0000 00 
M4W4-3 o 0 0 0 0 0 0 

HIOL4 000000 0 00 0000 0 0000 00 0 000 0 0 

M1W1-4 0 0 0 0 0 0 0 0 

AB3C1 

M1W1-5 
O 000000 0 00 00000000000 00 0 

o 00 0000 
00 0 00 

110 

110 

110 

110 

105 

99 

108 

105 

100 

106 

100 

89 

83 

102 

82 

92 

83 

84 

81 

78 

73 

78 

76 

a 
A zero indicates a lytic phage -host relationship. Columns that are blank contained a one ( a non -lytic relationship) on the original matrix. 

b 
Total for all columns of the pair. 

4 

. 
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following this procedure. It can be seen that each succeeding pair 

does not have the highest maximum total for all columns ( 110) be- 

cause such a pair may contain a strain attacked by a phage with a 

host range including at least one strain used in a preceding pair. In 

fact, after six pairs were selected it was difficult to find pairs of 

strains with one member not attacked by the phage (27A) with the 

greatest host range. 

The culture resistance index (minimum column totals divided 

by number of cultures used to that point) plot is given in Figure 5. 

The best resistance index would be two, meaning that no strain was 

subject to phage lysis. When a strain was susceptible to a phage it 

lowered the resistance index. Figure 5 shows that until the seventh 

pair was considered, pairs were added to the sequence such that 

each new pair provided strains which were resistant to the phages 

that had lytic activity for other strains previously selected in the 

sequence. Therefore, after the seventh culture it was impossible 

to add pairs that gave the maximum phage protection available to 

the first six cultures in the sequence. 

Serological Studies 

Preimmune sera from all rabbits showed no neutralizing 

abilities against phages 5P, 15M or 25M. The preimmune serum 

from one rabbit did neutralize 2. 7 percent of the pfu /ml of phage 27A. 

_J 
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Some sera however had a protective effect, since the pfu /ml of 

the phage suspensions incubated with a 1:10 dilution of preimmune 

serum yielded pfu /ml greater than control tubes without serum; 

other sera yielded pfu /ml data equal to control samples. 

Tables 18 through 21 present the neutralization data for the 

phages used in the host -range studies; phage 25M was lost in a 

laboratory accident and its host -range was not determined. Presented 

are the percentages of neutralization, K values and relative K 

values for each antiserum for the phages studied. Adams (2, p. 

465 -466) discusses the use of the K value of antiserum to demon- 

strate serologic relatedness among phages. An example cited by 

Adams is the following: An antiserum against T2 had a K value of 

200 when measured against T2, a K value of 50 when measured with 

T4 and 90 when measured with T6. These three phages are general- 

ly considered to form a closely related group. 

It can be seen from Table 18 that the relative K value, when 

comparing each phage with the homologous phage of antiserum 5P, 

was greater than 0.1 for 28 phages. The selection of a relative K 

value of 0. 1 was arbitrary. Adams has indicated, however, that a 

relative K value of 0. 25 was still a good measure of relatedness. 

For the 28 phages that give relative K values greater than 0. 1 for 

antiserum 5P, representatives of Groups A B, C, D, E and F were 

found. However, phages from Group D and E were not represented 
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when relative K values greater than O. 5 were considered. 

An examination of Table 19 shows that antiserum 15M had a 

relative K value greater than O. 1 for 27 phages. Groups A, B, C, 

D, E and F were represented in these 27 phages. When a relative 

K value greater than 0. 5 was used representatives from only Groups 

F and A were present. 

Table 20 shows that antiserum 25M had a relative K value 

greater than 0. 1 for only seven phages; Groups B, D, E and F were 

represented. It also may be seen that no phages other than the 

homologous virus had a relative K value greater than O. 5 when 

tested against the 25M antiserum. These results were not too sur- 

prising since phage 25M was the only virus active against an S. 

lactis strain for which antiserum was prepared. Also there were 

only eight phages isolated on S. lactis used in this study. 

Table 21 shows that antiserum for phage 27A had a relative 

K value greater than O. 1 for 13 phages and among these were repre- 

sentatives of Groups A, B, C, D and F. Only Group B phages were 

found in this case to provide a relative K value greater than O. 5. 

It can be seen that the serological properties of the phages 

studied by the techniques outlined above do not correspond well with 

the host -range grouping. There apparently is antigenic similarity 

among representatives of all groups except Group H which contains 

phage c2. In view of this, these studies were not pursued in as much 



Table 18. Percent Neutralization, K Value and Relative K Value for Phages Tested with 67 
Antiserum Prepared Against Phage SP. 

Phage % Neutralization a Kb Relative Kc 

SP 98. 86 15. 000 1. 000 
2M 99. 85 21. 800 1. 450 

8M 99. 71 19. 500 1. 300 

80 99.50 17.750 1.180 
15M 99. 19 17. 750 1. 128 

130 98.90 15. 200 1.015 
13M 98. 70 14. 550 0. 938 

35M 98.50 13.900 0.927 
AC1C1 8M 98. 00 13. 010 0. 860 

AC1C6 14M 97. 50 12. 800 0. 855 

32M 96.94 11. 700 0.780 
BM1 16M 95. 39 10. 600 0. 706 

3M 95. 00 10. 010 0. 673 

J 14M 84.38 6.220 0.415 
J 16M 76.81 4.870 0.325 
AB3M9 16M 76. 73 4. 720 0. 324 

J 24A 71.56 3.960 0.264 
AC1L1 16M 61.00 3. 130 0.209 
12M 60. 30 3. 100 0. 206 

AC 1M 1 16M 57. 50 2. 770 0. 185 

1M 56. 60 2. 760 0. 184 

AB3L5 8M 56.00 2. 750 0. 184 

AC1L5 16M 52. 50 2. 500 0. 167 

AC1M2 16M 52. 00 2. 380 0. 159 

AC1C6 16M 50. 70 2. 340 0. 156 

24M 50. 60 2. 330 0. 156 

AC1L5 8M 49.50 2.240 0. 149 

AC1M9 24A 46.00 2.040 0. 136 

AB3L3 16M 42. 37 1. 830 0. 122 

AB3L2 14M 31. 30 1. 250 0. 083 

AC1C2 24A 28.30 1. 100 0.073 
AC1L10 16M 27. 50 1. 060 0. 071 
29M 21. 24 0. 802 0. 053 

AB3 C 1 8M 20. 10 0. 748 0. 050 
38P 11. 50 0. 408 0. 032 

AC1C2 8M 0.00 0.000 0.000 
Si C2 0. 00 0.000 0.000 
36P 0. 00 0. 000 0. 000 
36M 0. 00 0. 000 0. 000 
39P 0. 00 0. 000 0. 000 
40P 0. 00 0. 000 0. 000 
27A 0. 00 0. 000 0. 000 

aNeutralization at 37°C for 60 minutes with antiserum SP diluted 200 -fold. Percent neutralization is 

% of pfu /ml decline over control. 
b 

K = 2. 3 D/t x log Po /P where D = dilution of serum (200 in this case), t = time in minutes, Po = 

control (no antiserum) pfu /ml and P = pfu /ml after 60 minutes with antiserum. 
c 
Relative K = K /K5P where K5p = K of SP. 
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Table 19. Percent Neutralization, K Value and Relative K Value for Phages Tested 
with Antiserum Prepared Against Phage 15M. 

Phage 
a 

% Neutralization 
b 

K 
c 

Relative K 

15M 90. 18 116. 000 1.000 
12M 98. 10 199. 000 1.721 

AC1C6 14M 95.60 156. 500 1.357 

AC1L10 16M 80.00 80. 200 0.695 
AC1C6 16M 69.91 58. 400 0.506 
2M 57.35 42. 400 0.367 
3M 55. 80 40. 400 0.354 
5P 54,54 38. 300 0.320 
J 16M 53. 18 37. 700 0.328 
32M 50.24 35. 000 0.303 
13M 50.00 34. 800 0.301 
8M 48.60 33. 400 0.290 
AC1L5 16M 45.00 29. 600 0.257 
J 14M 42.62 27. 950 0.242 
80 41.60 30. 300 0.236 
AC1C2 24A 40.00 25. 600 0.222 
24A 39. 50 24. 200 0. 210 

1M 38.00 23.900 0.207 
38P 37.68 23. 800 0.206 
130 36.80 22. 800 0. 198 

AC1L1 16M 35.00 21. 650 0.188 
AC1M2 16M 32.00 19. 220 0. 167 

AC1C1 16M 28.70 16. 150 0. 140 

AC1L5 8M 27.00 15. 800 0. 137 

AB3M9 16M 22.22 12. 680 0. 110 

39P 22.05 11. 900 0. 104 

AB3L3 16M 16.66 9. 940 0.087 
J 24 15.78 7. 460 0.065 
AB3L5 8M 10.30 5. 190 0.045 
35M 8.27 4. 260 0.038 
AB3C1 8. 10 4. 150 0.036 
AC1M1 16M 6.25 1. 730 0.015 
BM1 16M 0.00 0. 000 0.000 
AC1M9 24A 0.00 0. 000 0.000 
AC1C2 8M 0.00 0. 000 0.000 
Si C2 0.00 0. 000 0.000 
36P 0.00 0. 000 0.000 
36M 0. 00 0. 000 0.000 
40P 0.00 0. 000 0.000 
27A 0.00 0. 000 0.000 
29M 0. 00 0. 000 0. 000 

a 
aNeutralization at 37oC for 60 minutes with antiserum 15M diluted 3, 000 -fold. Percent neutraliza- 
tion is % of pfu /ml decline over control. 

bK = 2. 3 D/t x log Po /P where D = dilution of serum (3, 000 in this case), t = time in minutes, 
Po = control (no antiserum) pfu /ml and P = pfu /ml after 60 minutes with antiserum. 

cRelative 
K = K /K15M where K 15 = K of 15M. 



Table 20. Percent Neutralization, K Value and Relative K Value for Phages Tested with 
Antiserum Prepared Against Phage 25M. 

Phage % Neutralization Kb 

25M 97.70 63.600 
1M 73.40 22.050 
32M 74.64 20.290 
24M 33.30 17.810 
2M 51.47 12.000 
36P 35.22 7. 150 

12M 34.60 7.040 
J 16M 32.27 6.500 
130 28.90 5.740 
3M 29.20 5.520 
15M 26.47 5. 140 

38P 26.09 5. 140 

SP 25.00 4.750 
AB3L5 8M 24.50 4.480 
AB3C 1 8M 22.20 4.250 
AC1L1 16M 21.66 4.090 
AC1C2 24A 20. 80 3.820 
8M 20. 00 3.710 
39P 14.71 2.600 
AC 1M2 16M 10.00 1.722 
13M 9.70 1.570 
AC1L10 16M 9.50 1.415 
80 8.30 1.260 
AC1M9 24A 7.40 1.260 
AC1C1 16M 6.70 1. 110 

AC1C6 16M 6.66 1. 110 

AB3L2 14M 4. 10 0.465 
AC1L5 8M 3.30 0.384 
BM1 16M 0.00 0.000 
J 24A 0.00 0.000 
AB3L3 16M 0. 00 0.000 
AC 1C 1 8M 0.00 0.000 
AB3M9 16M 0.00 0.000 
J 14M 0.00 0.000 
AC1C2 8M 0.00 0.000 
SI C2 0.00 0.000 
AC1M1 16M 0. 00 0. 000 

AC1C6 14M 0. 00 0.000 
40P 0. 00 0.000 
36M 0.00 0.000 
27A 0.00 0.000 
35M 0. 00 0.000 
29M 0.00 0.000 

69 

Relative K 

1.000 
0.348 
0.320 
0.280 
0. 189 

0. 112 

0. 111 

0.102 
0.091 
0.086 
0.081 
0.081 
0.075 
0.071 
0.067 
0.064 
0.060 
0.058 
0.041 
0.027 
0.025 
0.022 
0. 020 
0.020 
0.018 
0.018 
0.007 
0.006 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

aNeutralization at 37 °C for 60 minutes with antiserum 25M diluted 1, 000 -fold. Percent neutraliza- 

tion is % of pfu /ml decline over control. 
bK = 2. 3 D/t x log Po /P where D = dilution of serum (1, 000 in this case), t = time in minutes, 

Po = control (no antiserum) pfu /ml and P = pfu /ml after 60 minutes with antiserum. 
c 
Relative K = K where K 25 = 

K of 25M. 
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Table 21. Percent Neutralization, K Value and Relative K Value for Phages Tested with 
Antiserum Prepared Against Phage 27A. 

Phage % Neutralizationa Kb Relative Kc 

27A 99.95 3. 550 1. 000 

36M 99.93 3. 320 0.936 
36P 99.93 3.320 0.936 
40P 98. 70 2. 900 0. 820 

AC 1 C 6 14M 95. 40 2. 060 0. 580 

24M 76. 50 0. 966 0. 272 

1M 58. 20 0. 582 0. 164 

80 56. 70 0. 558 0. 157 

AC1C1 16M 55.00 0. 534 0. 151 

2M 54.41 0. 528 0. 149 

39P 47. 79 0. 436 0. 123 

12M 47.40 0. 430 0. 122 

38P 46. 38 0. 416 0. 115 

AC 1L 1 16M 35. 00 0. 289 0. 082 

AC1C2 24A 32.00 0.257 0.072 
AC 1 C 1 8M 30. 00 0. 239 0. 067 
130 28. 10 0. 232 0. 065 

3M 18, 30 0. 133 0. 038 

AB3C1 8M 17.30 0. 128 0. 036 

13M 16. 30 0. 115 0. 032 

15M 16. 18 0. 115 0. 032 

J 14M 12.29 0.088 0.024 
AB3M9 16M 11. 11 0. 082 0. 023 

AC1M9 24A 11. 11 0.082 0.023 
8M 5. 70 0. 039 0. 011 

AC 1 L 10 16M 5. 60 0. 039 0. 011 

AC1L5 8M 5.06 0.039 0.011 
AC 1M2 16M 5. 06 0. 039 0. 011 

5P 2. 30 0. 012 0. 003 

32M 0. OS 0. 006 0. 002 

BM1 16M 0. 00 0. 000 0. 000 
J 24A 0.00 0. 000 0.000 
AB3L3 16M 0. 00 0. 000 0. 000 
J 16M 0.00 0.000 0.000 
AC 1 L5 16M 0. 00 0. 000 0. 000 

AC1C2 8M 0.00 0.000 0.000 
Si C2 0. 00 0. 000 0. 000 
AC 1 M 1 16M 0. 00 0. 000 0. 000 
AB3L5 8M 0. 00 0. 000 0.000 
35M 0. 00 0. 000 0. 000 

29M 0. 00 0. 000 0. 000 

AB3L2 14M 0. 00 0. 000 0. 000 
AC 1 C 6 16M 0. 00 0. 000 0. 000 

aNeutralization at 37 °C for 60 minutes with antiserum 27A diluted 40 -fold. Percent neutralization 
is % of pfu /ml decline over control. 

bK _ 2. 3 D/t x log Po /P where D = dilution of serum (40 in this case), t = time in minutes, 
Po = control (no antiserum) pfu /ml and P = pfu /ml after 60 minutes with antiserum. 

c Relative K = 
K27A 

were K 27 = 
K of 27A. 



71 

detail as has been done by other workers, especially Burnet et al. 

(11), Lanni and Lanni (43), Hershey et al. (37) and Rountree (62). 

Electron Microscopy Studies 

Figures 6 and 7 are electron micrographs of phage ACILI 16M, 

a phage belonging to host -range Group A. It can be readily seen that 

the preparations are free of contaminating debris. This fact em- 

phasizes that the cesium chloride density gradient purification allows 

recovery of intact phage particles without accompanying bacterial 

cell debris. Also the phage particles all appear to be morphologi- 

cally similar. The size of the phage particle can be obtained from 

the photograph of the phage -latex ball preparation. From measure- 

ments of five phage particles it was determined that the head was 

about 63mµ in length and about 58mµ in width; the tail was approxi- 

mately 168mµ in length and about 11 mµ in width. The size of this 

phage places it in the same morphological category as the nine S. 

lactis strains studied by Parmelee et al. (53). The phages photo- 

graphed by Williamson and Bertaud (73) were active against S. 

cremoris and S. lactis and Sandine et al. (64) published an electron 

photomicrograph of a phage active against S. diacetilactis. All of 

these phages, except one noted by Williamson and Bertaud, were 

morphologically similar to phage AC1L1 16M. 

The electron photomicrographs of the earlier workers did not 
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Figure 6. Negative stained phage ACILI 16M in an electron 
photomicrograph. Phage particles are shown at 
a magnification of approximately 84, 000X. 

s 

4 

V 



Figure 7. Shadow cast preparation of phage AGILI 16M in 
an electron photomicrograph. The magnification 
is 87,100X. 
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have the resolution that those shown in Figures 6 and 7 reveal. As 

a consequence, these reports described the heads of the phages as 

spherical. The phages pictured in the accompanying figures give 

indications, however, that the heads may be polyhedral in struc- 

ture. 

Chemical Composition Studies 

Deoxyribonucleic Acid Studies 

The DNA of phage AC 1 L1 16M was determined to be double 

stranded on the basis of a sharp rise in absorbancy observed near 

84 °C during thermal melting. The melting profile during thermal 

denaturation of phage AC1L1 16M DNA is shown in Figure 8. 

Another method of treating thermal denaturation absorbancy 

data is to plot the absorbancy values, corrected for thermal expan- 

sion, on normal probability graph paper and drawing a best fit 

straight line; the 50 percentile point on the graph corresponds to the 

Tm value. Table 22 illustrates the treatment of thermal denatura- 

tion data needed for plotting on normal probability graph paper and 

Figure 9 is the resulting normal probability plot. From this plot 

the Tm value was found to be 84. 3 °C. This compares well with the 

Tm from the melting profile given in Figure 8. 

Figure 10 shows the normal probability plot of the thermal 

J 



R
e
l
a
t
i
v
e
 
A
b
s
o
r
b
a
n
c
y
 2
6
0
 
m
µ
 

1.50 

1.40 

1.30 

1.20 

1.10 

1.00 I I I I I I I I 

82 84 86 88 

Temperature °C 

Figure 8. Thermal melting curve for DNA from phage 
ACILI 16M 

75 

. 

T2 i 

- = 85.0 



90 

80 

N 

u 70 
(a 

° 60 

76 

U 

30 

U 

a 20 

10 

82 84 

Temperature °C 

86 88 

Figure 9. Normal probability plot of DNA melting data 
for phage ACILI 16M DNA. 

o 

-1 50 
a) 

cd 

so, 40 

a 
O 

I 1 I 

1 

1 

a 

F 

t 



77 

Table 22. Absorbancy, Corrected Absorbancy, Relative Absorbancy and Percent Increase in 
Absorbancy Obtained from a Melting Determination of DNA Isolated from 
Phage AC1L1 16M. 

Corrected Relative Percent 
Temoperature Absorbancy Absorbancy Absorbancy Increase in 

b 
C 260 mp 260 mp a 260 mp Absorbancy c 

25 0. 191 0. 191 1. 000 0.00 

82 0.209 0.215 1. 125 25.00 

84 0.220 0.226 1. 184 43.33 

85 0.230 0.238 1.250 63.33 

86 0.240 0.247 1. 29 5 78.33 

87 0.248 0.256 1. 340 93.33 

88 0.252 0.260 1.365 100.00 

a 

b 

c 

V 
t 

Corrected absorbancy = A where A = observed absorbancy at temperature t, and 
t V25oC 

Vt/ V25oC = volume of water at temperature t, divided by the volume of the same water 
sample 25oC. 

Relative absorbancy = corrected absorbancy divided by the absorbancy at 25°C. 

Percent increase in absorbancy = percent absorbancy increase of corrected absorbancy using 
corrected absorbancy at 25oC as base and absorbancy increment between corrected absorbancy 
at 25oC and corrected absorbancy at 88oC as 100 %. 
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denaturation data for S. diacetilactis AB3M9, the organism used as 

host in preparation of the lysate of phage AC121 16M; the Tm was 

81. 3°C. It is apparent from a comparison of the Tm values for the 

hosts and phages that the deoxyriboncleic acids are different in 

terms of average base composition. 

As a check on the instrumentation and general technique, calf 

thymus DNA (Calbiochem, Los Angeles, California) was melted in 

the same manner as the phage and bacterial DNA samples. Figure 

11 presents the normal probability plot of the calf thymus DNA ther- 

mal denaturation data. The Tm obtained was 87. 6 °C and this com- 

pares favorably with the value 87. 0 °C reported by Marmur and Doty 

(46). 

Marmur and Doty (46) related the Tm value of a DNA sample 

to the mean base (Guanine plus Cytosine (G + C) ) composition by 

the formula Tm = 69. 3 + 0.42 (% G + C). Using this formula the 

percent G + C of the DNA from phage AC1L1 16M had a significantly 

lower mean DNA G + C content (28. 6). - 

Amino Acid Analysis 

Table 23 gives the amino acid composition of the protein ob- 

tained from phage AC1L1 16M. The data are expressed in mole per- 

cents of the total amino acids listed. Tryptophan, cysteine and 

cystine were not determined since the acid hydrolysis conditions 
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used destroyed these amino acids. 

Table 23. Amino Acid Composition of Phage AC1L1 16M 

Component Mole Percenta 

Lysine 8. 1 

Histidine 1. 7 

Arginine 3. 8 

Aspartic acid and Aspargine 10. 0 

Threonine 7. 5 

Serine 6. 8 

Glutamic acid and Glutamine 12. 0 

Proline 3. 4 
Glycine 9. 0 

Alanine 9. 5 

Valine 8. 9 

Methionine 1. 1 

Isoleucine 5. 4 
Leucine 7. 9 

Tyrosine 2. 2 

Phenylalanine 2. 8 

aValues are given as the mole percent of the total of the 
amino acids listed. 

Table 24 gives the data obtained from phage protein nitrogen 

and total phage phosphorus determinations. The nitrogen and 

phosphorus amounts are related to each other in the form of an 

N/P ratio. It is important to realize that the N obtained is phage 

protein nitrogen and does not include the N found in the nucleic 

acid fraction. 
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Table 24. Phage AC1L1 16M Nitrogen and Phosphorus Content 

Element µg N /mg Phage Protein µg P /mg Phage N /Pa 

N 128. 7 

2. 7 

P - 44. 5 

a N/P = µg N /mg phage protein µg P /mg phage = 
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DISCUSSION 

Important reasons for the high incidence of bacteriophage infec- 

tion in the dairy industry today are well illustrated by results of the 

studies of strain dominance in mixed strain starter cultures and by 

data from experiments on phage host range. The imbalance of 

strains that results from subculturing mixed - strain lactic starter 

cultures within as few as five transfers makes the direct seed method 

of inoculation a necessary practice in well- managed dairy plants. 

The sudden and complete lysis of a lactic starter is more probable 

once a mixed strain culture becomes dominated by one of the com- 

ponent strains. 

The reasons for domination among non -antibiotic producing 

strains of S. lactis and S. cremoris are not understood. In the 

studies reported here, generation time was not the determining factor 

as the organisms with the shortest generation were overgrown. 

Collins (18) has found that when one strain in a mixture is lysed by 

phage particles the most acid tolerant strain among the remaining 

strains will dominate. It is always possible that the dominance may 

be related to a nutritional factor. Citti (14) has shown that a fast 

acid -producing strain of S. lactis was able to remain in the log phase 

of growth longer and thereby achieve a higher final population in milk 

culture than a slow acid -producing mutant derived from it. This 
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ability of the fast strain was related to its greater proteolytic activity. 

The practice of selecting mixed - strain lactic starters randomly 

for a culture rotation program should be discouraged. The host - 

range studies illustrate that one phage, with its broad host -range, 

may be able to attack strains in several and possibly all cultures 

selected for a rotation system. 

The studies of the isolation and maintenance techniques were 

intended to obtain needed information preliminary to isolation of a 

large number of phages for use in the subsequent research. It was 

presumed that the data obtained with the S. lactis, S. cremoris, and 

S. diacetilactis phages used would, in general, be applicable to other 

lactic streptococcal phages, though some variation between races was 

noted. 

Results of the studies clearly point to the advantage of membrane 

filtration over use of Seitz filters when whey or broth culture lysates 

are being tested for presence of bacteriophages. Storage of phages 

in acid whey did not decrease survival beyond recoverability. In 

fact, neutralization of the whey appeared detrimental to the S. 

cremoris phage. A similar observation was made in 1939 by 

Yakovlev (73). It was also interesting to note that refrigeration of 

phage lysates provided greater survival for only the S. diacetilactis 

phage. Also, the lability of the c2 phage is apparent from Table 10. 

The recovery of phages from milk coagulated with lactic acid, 

, 

' 
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centrifuged, then passed through a membrane filter was relatively 

low (47 to 67 percent). This would suggest the possibility of missing 

phages present in low numbers in milk samples obtained from dairies. 

However, the recovery of even 50 percent of the phages originally 

present in high numbers would be expected to be sufficient for their 

detection. 

Soller reported (67) that Carbowax 4000 could be used for fast, 

efficient, and economical concentrations of broth phage lysates. 

Extension of this technique to phage- containing whey samples proved 

satisfactory. Data in Table 12 show that one can easily increase the 

phage titer of a whey sample in a few hours. A gummy protein 

residue appears when whey samples are concentrated to very low 

volumes (concentration more than 50- fold), but this residue can be 

resuspended by rinsing the dialysis tubing with one percent Tryptone 

and centrifuging to remove the residue. 

Lyophilization was detrimental to the phages used in these 

studies. The most resistant phage (18 -16) was decreased in pfu /ml 

by 57 percent by this process. This is in keeping with the data of 

Clark (15) for phages maintained by the American Type Culture 

Collection. Presumably, however, the surviving phages could be 

repropagated on a suitable host under appropriate conditions after 

an indefinite period. 

The host -range studies provided phage lysis patterns for the 
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establishment of eight groups of phages. All earlier attempts at 

typing phages for the lactic streptococci have been primarily con- 

cerned with grouping the strains of lactic streptococci rather than the 

phages. For example, when Nichols and Hoyle (48) speak of Types I 

through XI, they speak of groups of lactic streptococci that fall 

into 11 distinct lytic patterns. In the present study, the grouping is 

directed towards placing the phages into groups and therefore the 

Groups A through H refer to phage groups which fall into 8 distinct 

lytic patterns. 

Group A contains 34 of the 60 phages studied. With the excep- 

tion of phage 29M all phages were isolated on strains of S. diacetilactis. 

Only one strain of bacteria, ACILI, was lysed by all phages of Group 

A. 

The other groups of phages were primarily those that would 

attack strains of S. lactis or S. cremoris. The species boundary 

appears to be a factor in separation of several of the phage groups. 

Group C phages for example lysed strains of S. cremoris primarily, 

whereas Group D viruses lysed strains of S. lactis primarily. 

Nichols and Hoyle (48) even concluded that phage lysis patterns 

were one criterion for differentiation of S. lactis and S. cremoris, 

although they did present data indicating that phages isolated on 

S. lactis strains could be propagated on S. cremoris strains. 

Thirty -two strains of lactic streptococci studied were not lysed 
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by any of the phages isolated in the present study. Numerous unsuc- 

cessful attempts were made to isolate phages for these strains. A 

similar result was found by Nichols and Hoyle (48) in their extensive 

study of 450 single strains and 78 phages. In their study, they found 

27 strains that were not lysed by any of their phages. It is important 

to remember that the strains they studied were in use in dairy plants 

from which they obtained whey samples. In addition there were 12 

strains that did not fit into their eleven lytic patterns. 

In order to establish a phage typing system that would be 

acceptable, one would have to maintain a collection of host organisms 

and phages. This collection would be used for distribution of typing 

phages as done for the genus Staphylococcus (68). Nichols and Hoyle 

(48) suggest that this would require many strains and many phages 

because their groups were established on the basis of lytic reactions 

of a strain towards several phages. In the typing system evolved in 

this study, only one bacterial strain would be needed to determine 

whether or not a phage belonged in a particular group. This is pos- 

sible because there is at least one strain in each Group lysed by all 

phages in the Group. Therefore the maintenance and distribution of 

the group indicator strains would be the essential operation in this 

phage typing system. The group indicator strains would have to be 

routinely checked to determine whether or not they maintained their 

ability to be lysed by all phages within a group. 
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Immediately the problem of lysogenicity arises. If a group 

indicator strain were to become lysogenic for a phage in its homo- 

logous group it would no longer by lysed by that phage. Nichols and 

Hoyle (48) attempted to demonstrate lysogenicity in lactic streptococci 

but were unable to do so. They incubated 300 different pairs of strains 

in milk; the resultant whey from the milk cultures was then Seitz 

filtered and some filtrate added to each of the single strains in milk. 

No phage activity was observed among the 300 pairs. The conclusion 

was made that lysogenic strains were probably not present in the 

lactic streptococci. Three later reports do indicate that lysogenic 

strains are present in the lactic streptococci (Sandine et al. (64), 

Reiter (59), and Hunter and Whitehead (38)). Sandine et al. reported 

that experiments similar to those performed by Nichols and Hoyle 

were successful, and they further speculated that lysogenic strains 

are common among lactic streptococci. 

The implications of lysogenicity for the phage typing system 

evolved here are serious. It would seem that a phage that did not 

lyse any of the group indicator strains could be carried as a prophage 

by one of these strains. The other possible explanation for non -lysis 

of group indicator strains would be that the phage did not belong to any 

of the established groups. 

A safeguard that would overcome the establishment of further 

lysogeny among indicator strains would be to always maintain them 



89 

in one of the phage resistant media that are available today. This 

practice would prevent a phage from infecting the bacterial cell 

and thereby prevent the establishment of a prophage in the cell. 

The use of host -range studies for selection of strains of lactic 

streptococci for dairy manufacturing has been widespread. Nichols 

and Hoyle (48), Czulak (24), Whitehead and Bush (69), Collins (19), 

and others have studied the host - ranges of some lactic streptococcal 

phages with the immediate goal of obtaining maximum protection 

from phages in culture selection. None of these workers however 

have made use of a computer for selection of strains to blend into a 

mixed - strain culture. The use of the computer for selection of 

acceptable pairs (both strains are not attacked by the same phage) of 

strains saved much time. Also information was provided by the com- 

puter about the pairs that made selection of a sequence of pairs much 

easier. 

The program used for selecting a sequence of pairs provided 

for a rotation system in which the phages able to attack the greatest 

number of strains would be discriminated against. In addition to 

choosing pairs that were attacked by few phages an attempt was made 

to use pairs sequentially in a manner to prevent propagation of the 

same phage day after day. The degree of success in such selection 

can be expressed as the resistance index for a culture rotation system. 

In this study it was seen that the resistance index was maximum after 
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the sixth pair was added. Further addition of pairs added strains 

that were sensitive to phages that could propagate on strains already 

included in the sequence. 

In reality the use of the computer for selecting strains of lactic 

streptococci for starter organisms on the basis of phage sensitivity 

is only a starting point. Other characteristics such as rate of acid 

production, level of diacetyl produced, antibiotic production and 

heat sensitivity could be placed on the computer cards as well as 

phage sensitivity. Blending strains would then be a process of 

selecting a program to obtain the desirable characteristics in the 

mixture with the exclusion of undesirable properties. After the 

selection, the strains would still have to be blended. It is possible 

however that some characteristics of a strain may be different when 

the strain is grown in a mixed culture. 

The serological studies were only of limited success. When 

phages were neutralized to nearly the same extent by a particular 

antiserum, the phages usually belonged to the same host -range 

group. However not all phages within the larger groups were neu- 

tralized to the same extent by the same antiserum. These findings 

suggest that phages with similar host - ranges may not share similar 

antigenic structures. Also there are indications that phages having 

different host - ranges may possess several antigens in common. 

Wilkowske et al. (71) prepared antisera against eleven lactic 

. 



91 

streptococcal phages. These sera were used in neutralization tests 

conducted in milk for one to four hours. K values were not deter- 

mined and the results were expressed as log cycles reduction of 

phage titer using the end point dilution method. Their results allowed 

them to establish seven groups and two of the groups had subgroups. 

The suggestion made by these workers was that the serological 

groupings supplement the host range data for identification of phage 

strains. 

Nichols and Hoyle (48) found that when phages were arranged 

according to their neutralization by ten antiphage sera, they fell into 

three groups. 

The serological classification of phages attacking bacteria of 

other genera are more useful than any yet evolved for the lactic 

streptococcal phages. The staphylococcal phages show useful cor- 

relations between serology, buoyant density and morphology, 

according to Rosenblum and Tyrone (60). A perfect correlation of 

the serological grouping and the morphological findings in the T 

series of phages for Escherichia coli was reported by Delbrück (27). 

The study of the T series of phages differs greatly from the present 

work in that all the phages can attack a common host. 

Roslycky et al. (61) have observed that phages for Agrobacterium 

radiobacter propagated on heterologous hosts have a detectably altered 

neutralization reaction although their host ranges are not altered. 
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If this would hold for the lactic streptococcal phages, the usefulness 

of any serological system for typing the phages would be weakened. 

The electron photomicrograph of phage AGILI 16M indicates that 

this phage is morphologically similar to the S. lactis phages studied by 

Parmelee et al. (53), the S. diacetilactis phage studied by Sandine 

et al. (64) and nine of the 10 S. cremoris phages studied by Williamson 

and Bertaud (73). Phage AGILI 16M however does appear to have a 

more narrow tail than the S. lactis phages studied by Parmelee et al. 

(53). They reported a tail width of 20 to 40 mµ whereas phage 

ACILI 16M has a tail of 10 to 11 mp. in width. 

The phage T5 that attacks strains of E. coli is very similar 

morphologically to phage ACILI 16M. A photomicrograph, Adams (2, 

frontispiece), of phage T5 would be indistinguishable from micro- 

graphs of phage AGILI 16M. 

Negative stained phage AGILI 16M preparations suggest that the 

heads of this phage may not be spherical. The head may actually be 

polyhedral shaped as is the general case for bacteriophage. Williams 

and Fraser (72) found that in most air dried preparations of phage 

there was considerable distortion. These workers found that a 

freeze -drying method of phage preparation was more satisfactory for 

observing morphology. 

The DNA of phage AGILI 16M was found to be double stranded. 

The thermal denaturation of the phage DNA revealed a Tm value of 

I 

i 



93 

84.3o C. The Tm of the DNA of the host organism was 81.3 indicating 

that the phage DNA and host DNA do not have the same average base 

composition. Percentages of guanine plus cytosine for the phage and 

host were 35.7 and 28.6 respectively. 

At the lower temperatures in the melting ranges, both the phage 

DNA and host DNA yielded values for increase in absorbancy that did 

not fall on the best fit line for the values obtained at the higher tem- 

peratures. Knittel et al. (42) observed the same phenomenon in 

studies on the DNA of lactic streptococci strains. The explanation, 

based on cesium chloride density centrifugation data, was that there 

were molecules of DNA present that had a lower guanine plus cytosine 

content. Such molecules could be episomes for example. These 

workers were able to show that a skewed portion of the thermal 

melting curve could actually be resolved into a Gaussian distribution 

of the DNA molecules with a lowered guanine plus cytosine content. 

The guanine plus cytosine content of other phages vary con- 

siderably. Phages P3 and P9 which attack Streptococcus faecium 

ATCC8043 had percent guanine plus cytosine equal to 30 and 39 

respectively as reported by Brock et al. (10). Phages for species of 

Brucella had values ranging from 45.3 to 46.7 percent guanine plus 

cytosine as reported by Caldrone and Pickett (12). Phage TP -84, a 

phage for Bacillus stearothermophilis, had a base composition of 

42 percent guanine plus cytosine as reported by Saunders and 
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Campbell (66). 

The acid hydrolysis of phage ACILI 16M protein destroyed 

tryptophan and probably destroyed most of the cystine and cysteine; 

therefore, there is no data presented concerning their concentrations. 

The amino acids listed in Table 22 are presented in the same 

manner as the data given by Fitch and Susman (31) for the T2, T4, 

T5 and T3 bacteriophages. The T phages studied by Fitch and 

Susman (31) were high in aspartic acid, glutamic acid and alanine 

just as the case with phage AGILI 16M. The T phages were low in 

histidine and methionine and this was also the case with phage 

AGILI 16M. 

The nitrogen content of the phage protein was calculated to be 

12.8 percent. This is a low value when one considers that a value 

between 14 and 16 percent is found for most proteins. One explana- 

tion for this low value is that the amount of dry weight protein 

analyzed was below 2.0 mg. Experience has shown that a sample 

containing below 2.0 mg of dry weight protein will yield a slightly 

lower N content than those containing two to 10 mg protein when the 

micro Kjeldahl method is used. 

The phosphorus content of phage AGILI 16M was found to be 

4.45 percent. 

Table 25 lists some of the values that can be calculated using 

the above data and several assumptions. The DNA content of the 
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phage can be calculated if it is assumed that phage DNA is 10 

cent phosphorus by weight. Calculations from the data presented by 

Adams (2, page 87 -89) indicate that the DNA of phage T2, T6 and T7 

contain about 10 percent phosphorus, so application of this figure to 

phage ACILI 16M does not seem unreasonable. 

Using the calculated weight for DNA content and the weight of 

protein determined by a Lowry protein analysis, the percentage 

composition of the phage in DNA and protein can be calculated. It 

had been shown by Davison and Freifelder (25) that phage T7 probably 

contained only DNA and protein and that all the phosphorus was 

contained in the DNA. Assuming that phage ACILI 16M also contains 

only DNA and protein, then DNA represents about 44 percent of the 

phage dry weight and the protein represents 56 percent of the dry 

weight. 

Cummings (23) studied the protein and DNA fractions of phage 

T2 and found that the protein had a density of 1.29g/cc and that the 

DNA had a density of 1.70g/cc . Applying these figures to phage 

AGILI 16M, a calculation of the density can be made. The calculated 

density is 1.47g /cc . The calculated density is in general agreement 

with the densities published for other phages. Cummings (23) found 

a density of 1.505 for phage T2. Rosenblum and Tyrone (60) found 

that the densities for staphylococcal phages belonging to six sero- 

logical types ranged from 1.46 to 1.50. 



Table 25. Calculated Physical and Chemical Values for Phage ACILI 16M 

Sample mg Proteina mg Phosphorus mg DNAb 
Total Weight 
of Phage in 
Sample mg 

Calculated 
Phage Density 

Phage used for 
Phosphorus 0.7377 
determination (56)c 

0.0587 0.587 1.3247 
(44) 

1.47d 

aDetermined by Lowry method (44). 

bThe assumption is made that the DNA is 10 percent P. This is an average figure calculated from 
Adams (51, p. 87 -88). 

cNumbers in parentheses are percentage composition of phage ACILI 16M in protein and DNA. The 
assumption is made that the phage contains only protein and DNA. 

dDensity is calculated using the value of 1.29 mg /cc equal to density of phage protein and 1.70 mg /cc 
equal to density of phage DNA. These values were taken from Cummings (23). 
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SUMMARY 

Results of this study indicate that there are only a limited num- 

ber of different strains of lactic streptococci with regard to phage 

sensitivity available for use in mixed - strain lactic starter cultures. 

Furthermore, it was shown that strains with the same phage suscep- 

tibility are being used in mixed - strain cultures blended by commer- 

cial culture suppliers. It therefore is impossible for a dairy plant 

to alleviate the bacteriophage problem in the plant by changing or 

rotating cultures, especially when brands of cultures are changed. 

A study of the host -range of 60 bacteriophages for the lactic 

streptococci revealed eight different phage groups. The phages 

within any one group generally attacked one species of streptococci, 

but phages were observed that could attack strains from all three 

species. Two groups were established consisting of only one phage 

each. These phages displayed remarkable specificity, but it is 

likely that other strains could be isolated which were susceptible to 

these viruses if extended efforts were made. 

The serological properties of the lactic streptococcal phages 

were not sufficiently consistent to greatly aid in classification of the 

phages. There were antigenic differences in the bacteriophages 

because the virus -neutralization abilities of the antisera occurred at 

different levels for different phages. Equal neutralization of phages 
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from different groups by one antiserum indicated the representatives 

of these groups may be more closely related to each other than to 

members of their own group. 

Blending single strains of lactic streptococci into mixed - strain 

lactic starter cultures can now be done with more assurance than has 

been done in the past. In the present study use of a computer was 

made for selection of strains with maximum resistance to bacterio- 

phages. Furthermore, a rotation system was established using the 

computer which also served to maximize phage protection. However, 

it was shown that there are only a limited number of different cultures 

that can be added to a rotation system before strains similar in 

phage sensitivity are encountered. Nevertheless, use of fewer cul- 

tures of different phage relationships in a regular rotation system 

can provide the greatest protection and this should result in smooth 

daily operation of the dairy plant. 

Studies of phage ACILI 16M for S. diacetilactis revealed that 

it was morphologically similar to other lactic streptococcal phages. 

Electron photomicrographs revealed a tadpole- shaped particle that 

was about 230 mi., in total length. The head was about 60 mµ in 

length and width; and enlarged photographs suggested that the head 

was polyhedral in shape. The phage tail was about 170 mN, in 

length and about 10 mµ in width. 

The DNA of phage ACILI 16M was found to be double- stranded 



99 

with a Tm value of 84.30 C; the percent guanine plus cytosine was 

about 35.7. The amino acid composition of this phage was similar 

to that found in other phages which have been examined. There was 

a high percentage of dicarboxcyclic amino acid residues (over 22 per- 

cent) in the phage protein. The amino acids methionine and histidine 

were present in low concentrations (1.1 and 1.7 percent respectively). 

The nitrogen -phosphorus composition of phage ACILI 16M pro- 

vided a ratio of nitrogen in the phage protein to phosphorus in the 

phage DNA of about 2.7. Phosphorus comprised about 4.45 percent 

of the phage dry weight. Nitrogen was about 12.8 percent of the 

phage protein; however, this value seemed to be lower than the 

nitrogen content of most proteins. 

Calculations indicated the phage was about 44 percent DNA and 

about 56 percent protein. The density corresponding to the calculated 

percentage composition was 1.47g /cc. These calculated values were 

similar to those measured or calculated for other DNA phages. 
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