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Antibiotic-resistant Staphylococcus aureus strains of phage type 88, lysogenic
for phage 188, when grown in mixed culture with a nonlysogenic novobiocin-
resistant strain, acquired novobiocin resistance at a high rate from the nonlyso-
genic strain. With most strains of phage type 88, there was no detectable transfer
of resistance from lysogenic to nonlysogenic cells. Lysogenization with phage 188
of phage-sensitive strains conferred on the lysogenized cells the ability to acquire
chromosome and plasmid resistance markers. The acquisition of novobiocin
resistance in liquid cultures depended on the aeration of the culture, cell density,
and the presence of Ca?*. Pronase, and to a lesser degree other proteinases,
increased the rate of acquisition of chromosome- and plasmid-determined resist-
ance marKers by cells lysogenic for phage 188.

A screening program for methicillin- and gen-
tamicin-resistant Staphylococcus aureus strains
isolated in New York City (11) indicated the
presence of multiply resistant strains of phage
type 88 in several hospitals. These strains have
common characteristics such as rifampin resist-
ance and the presence of a lysogenic phage
designated phage 188 (11). Strains of phage type
88 possess a small plasmid which determines
chloramphenicol resistance. In addition, there is
also a very large plasmid present, with still
unknown genetic determinants.

Data by Lacey (4, 5), Witte (12), and others
indicate that transfer of antibiotic resistance in
mixed cultures is often a very efficient method of
genetic analysis of S. aureus. The mechanism of
transfer in mixed cultures is not very well under-
stood. According to Witte (12) and Lacey (5), it
may be different from phage-mediated transduc-
tion, but Meijers et al. (7) consider transduction
as the main mechanism of genetic transfer in
mixed cultures.

Using mixed cultures, we attempted to make
transfer antibiotic resistance determinants from
multiply resistant lysogenic strains of type 88 to
novobiocin-resistant nonlysogenic cells, sensi-
tive to phage 188. These experiments led to the
unexpected result of transfer of chromosome-
determined novobiocin resistance from the non-
lysogenic cells into lysogenic cells of type 88,
with a very low rate of transfer of antibiotic
resistance determinants from the lysogenic to
the nonlysogenic cells. The presence of the
lysogenic phage carried by strains of type 88 was
required for the acquisition of antibiotic resist-
ance from phage-sensitive donor strains.

MATERIALS AND METHODS

Strains. The methicillin- and gentamicin-resistant
strains of experimental phage type 88 used in mixed
cultures were isolated at New York Hospital, Bellevue
Hospital, New York University Hospital, and Cabrini
Hospital in New York City (11). Strain 916, isolated at
Bellevue Hospital, was used in most experiments.
Strain 766 is a novobiocin- and rifampin-resistant
mutant of strain RN450 which has no detectable
prophages (9). Additional strains are listed in Table 1.
Strains lysogenized with phage 188 are designated by
the laboratory number of the strain followed by the
phage number in parentheses, e.g., 766(188).

Bacteriophages. Phage sensitivity was tested as pre-
viously described (3, 11) at routine test dilution and
100 times routine test dilution with the international
set of typing phages and an additional set of experi-
mental phages for nontypable strains. Phage induction
of lysogenic strains was in LB broth (20 g of Tryptone
[Difco Laboratories], 10 g of yeast extract [Difco], and
5 g of NaCl in 1,000 ml of water) in the presence of 1
ng of mitomycin C per ml. The plaque count was made
with strain 766 as indicator. The host range of the
phage preparations was determined with the propagat-
ing strains for the international and experimental
phages used in our laboratory (11).

Lysogenic derivatives of sensitive strains were ob-
tained from resistant colonies growing in plaques
formed by phage 188. The reisolated colonies were
tested for resistance to phage 188, for phage produc-
tion upon induction with mitomycin C, and for sensi-
tivity of the original strain to phages induced in its
lysogenic derivatives. Nonlysogenic derivatives of
strain 916 were obtained by nitrosoguanidine mutagen-
esis (6). Colonies grown on LB agar were inoculated
with toothpicks in a preset pattern and transferred
with a replicator with steel prongs to Novick’s phage
medium (8) overlayed with semisolid medium inoculat-
ed with 0.1 ml of a broth culture of the indicator strain
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TABLE 2. Acquisition of novobiocin resistance by strains of type 88 in mixture with strain 766

No. of colonies that acquired resistance in following selective medium?:

Strain of type 88
NR-tet NR-met NR-gent NR-chlor NR-clin NR-Cd**
916 780 694 745 180 165 232
917 843 902 784 176 191 283
918 806 782 809 158 162 187
919 907 857 921 182 179 268
977 851 953 793 207 186 283
4818 158 123 NT® NT NT NT
4883 217 173 NT NT NT NT

2 For abbreviations, see Table 1, footnote a.
& NT, Not tested.

766. Lysogenic colonies form a halo around the site of
inoculation, the halo being absent around nonlysogen-
ic colonies. After reisolation, nonlysogenic colonies
were tested for sensitivity to phage 188 and for lack of
phage production after induction with mitomycin C.

Transduction procedures. Transduction procedures
were performed as described previously (10). The
transducing phage was added at a multiplicity of 0.1 to
0.2 PFU per colony-forming unit (CFU). In addition to
direct selection on LB medium with the appropriate
concentrations of antibiotics, 0.05 ml of the phage and
cell mixture and 0.05 ml of the control culture were
spread on LB agar without antibiotics. After incuba-
tion for 18 h, the cells from LB agar were suspended in
LB broth to yield approximately 5 x 10° CFU/ml and
were plated on selective media.

Transfer of resistance in mixed cultures. The strains
used for mixed cultures were grown in LB broth to the
mid-logarithmic phase (2 X 10% to 3 x 10® CFU/ml).
For transfer on solid medium, 0.1 ml of the control
cultures and 0.1 ml of an equal mixture of the two
strains were plated on LB agar. After overnight incu-
bation, suspensions of approximately 5 x 108 cells in
LB broth were plated on LB medium with 3 pg of
novobiocin and 2 pg of rifampin per ml (NR media)
and the following concentrations of antibiotics: tetra-
cycline, 2.5 ug/ml; erythromycin, 20 pg/ml; clindamy-
cin, 5 pg/ml; methicillin, 10 pg/ml; penicillin, 10 pg/ml;
gentamicin, 10 ug/ml; streptomycin, 50 pg/ml; kana-
mycin, 25 pg/ml; chloramphenicol, 30 pg/ml; and
Cd(NO;),, 2 X 107° M. In some instances, antibiotic
media with novobiocin but without rifampin were
used.

After incubation for 48 h at 37°C, colonies grown on
selective media were transferred with toothpicks in a
preset pattern on the same selective media and repli-
cated on NR media with the other antibiotics. Repre-
sentative colonies were reisolated on the selective
medium and tested for antibiotic susceptibility by the
method of Bauer et al. (1) and for phage sensitivity.

For experiments in liquid media, 5 ml of mid-
logarithmic growth phase cultures was mixed in the
presence of 3 X 10~> M CaCl,. The mixed cultures and
control cultures were grown in Erlenmeyer flasks in a
rotary shaker (120 rpm). The cultures were grown for 5
to 6 h to a cell density of 3 X 10° to 4 x 10° CFU/ml;
0.1 ml of inocula from the mixed culture and 0.1 ml of
inocula from the control strains were then plated on
NR selective media. In some experiments, cultures

grown at different time intervals or overnight cultures
grown at 80 rpm were used.

DNA-gel electrophoresis. In most instances, the
method of Birnboim and Doly (2) adapted to S. aureus
by S.J. Projan was used. This method allows the
detection of both large and small plasmids. Several
colonies were suspended in 75 pl of TES buffer (0.03
M Tris—0.005 M EDTA-0.05 M NaCl [pH 7.5]) with
20% sucrose and 15 pg of lysostaphin per ml. After 30
min of incubation at 37°C, an equal volume of 2%
sodium dodecyl sulfate in 0.2 M NaOH was added and
neutralized with 50 pg of 3 M sodium acetate (pH 4.8)
per ml. After 20 min at 4°C and centrifugation (7 min in
an Eppendorf centrifuge), the supernatant fluid was
precipitated with 1.2 ml of cold ethanol. After centrifu-
gation and suspension of 0.3 M sodium acetate (pH
7.0) followed by a second precipitation and centrifuga-
tion, the deposit was dissolved in 50 pl of TES and was
subjected to overnight electrophoresis at 35 V with
0.7% agarose in Tris-borate buffer (pH 8.3).

RESULTS

Strains of type 88, 916, 917, 918, 919, and 977
were grown in mixed culture on LB agar with
the nonlysogenic strain 766 (Table 2). No detect-
able growth was obtained with the control cul-
tures. The highest rate of resistant colonies was
observed on NR-tetracycline, NR-gentamicin,
and NR-methicillin media. The ratio of resistant
colonies selected on NR-tetracycline medium
was 2 X 1075 to 9 x 107%/CFU (total colony
count on LB agar). Plating on NR-chloramphen-
icol, NR-clindamycin, and NR-Cd(NO;), media
yielded approximately 20% of the colonies ob-
tained on NR-tetracycline medium (Table 2).
The number of resistant colonies was lower with
strains 4818 and 4883 isolated at University
Hospital. The colonies were reinoculated after a
preset pattern on the same selective media and
screened for the presence of additional resist-
ance determinants by replication on the whole
set of NR antibiotic media. Representative colo-
nies were reisolated and retested. The colonies
isolated on all selective media had the resistance
spectrum of the multiply resistant strains of type
88. Only four tetracycline-resistant colonies ob-
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FIG. 1. Optical density (OD) determinations were
made with cultures diluted 1/10. One milliliter of
undiluted culture was plated on NR-tetracycline medi-
um; after 3 h, both undiluted cultures and the 1/10
dilutions were plated. The results were expressed as
the average number of colonies per plate (five plates)
divided by the optical density. Symbols: O, no addi-
tion of pronase; A, addition of 100 pg of pronase per
ml (selection on NR-tetracycline medium).

tained with strain 919 and two cadmium-resis-
tant colonies obtained with strain 977 were sus-
ceptible to the other antibiotics tested. The
presence of the resistance spectrum characteris-
tic for strains of type 88 (Table 1) appears to
indicate that the lysogenic strains of type 88
have acquired the chromosome novobiocin
resistance marker from the nonlysogenic strain
766.

Additional experiments were carried out with
strain 916 of type 88 in mixed cultures with
strains 766 and 385. The ratio of resistant colo-
nies on different media was similar to that ob-
served in previous experiments (Table 2). The
colonies tested had the resistance spectrum of
strain 916.

Further tests on representative colonies in-
volved phage sensitivity, antigenic structure and
the presence of plasmid DNA. Colonies isolated
on NR-tetracycline and NR-methicillin media
were sensitive to phage 88 but resistant to
phages of group III, to which strains 385 and 766
were sensitive. The resistant colonies were ag-
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glutinated by antisera I and III characteristic for
strains of type 88 (11). Strains 385 and 766 were
not agglutinated by these antisera. DNA-gel
electrophoresis indicated the presence of a small
chloramphenicol-resistant plasmid present in
strains of type 88 (unpublished data). For colo-
nies obtained with RN450 pur-9 strain 385, re-
combinants from mixed cultures of strains 916
and 385 did not require guanine. The above data
are consistent with the acquisition of novobiocin
resistance by strain 916.

Experiments in liquid media. The results ob-
tained in LB broth depended largely on the
experimental conditions, principally the pres-
ence of Ca?* and the aeration of the culture. No
detectable acquisition of resistance by strain 916
could be obtained in the absence of Ca?*. Trans-
fer was obtained at a cencentration of 10™* M
CaCly, the rate of transfer increasing as the
concentration was raised to 3 x 1073 M. Ca?*
could be partially replaced by Mg?>* and Mn?*,
but not by Zn?*. The effect of Ca’?* was less
pronounced in transfer experiments on solid
medium.

The rate of acquisition of novobiocin resist-
ance was very low in stationary cultures. The
rate of transfer was not affected when the cell
concentration of stationary cultures was in-
creased (12) by centrifugation of the culture and
resuspension in 5% of the original volume.

In aerated cultures, the rate of acquisition of
novobiocin resistance was low during the first 3
h of incubation but showed a sharp increase
after 4 h (Fig. 1). After 5 to 6 h of incubation, the
rate of acquisition of novobiocin resistance up to
5 X 1075/CFU could be observed (selection on
NR-tetracycline medium). The rate of acquisi-
tion of novobiocin resistance increased to 8 x
10™%/CFU after 18 h. The increase in the rate of
acquisition of novobiocin resistance between the
4th and 5th h of incubation could not be demon-
strated when the culture was diluted 1/20 at 3 h
of incubation.

The ratio of strains 916 and 766 in mixed
cultures was determined at zero time, 6 and 18 h
of growth in LB broth, and 18 h of growth on LB
agar. Appropriate dilutions were plated on LB
agar (total cell count), LB agar with tetracycline
(916 cells), and LB agar with novobiocin (766
cells). In LB broth, the ratio of 916 to 766 cells
changed from approximately 1/1 to 25/1 to 35/1
after 6 h and 80/1 to 110/1 after 18 h. Similar
results were obtained with mixed cultures on LB
agar.

Supernatant fluid obtained after centrifugation
of mixed cultures was tested for the ability to
transfer novobiocin resistance to strain 916.
Mixed cultures of strains 916 and 766 were
grown for 3 and 6 h and centrifuged at 8,000 rpm
for 15 min, and the supernatant fluid was added
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to the cells of strain 916. No acquisition of
novobiocin resistance or a very low rate of
acquisition could be obtained after incubation of
2, 4, and 18 h. Determination of the phage
concentration in the supernatant fluid, with
strain 766 as indicator, gave values of 2 X 107 to
6 x 10’ PFU/ml after 3 h and 3 X 10° to 8 x 10°
PFU/ml after 6 h. The corresponding values with
the supernatant fluid from control cultures of
strain 916 alone were 3 x 10 to 7 X 10° PFU/ml
after 3hand 2 x 10° to 4 x 10° PFU/ml after 6 h.

DNase at relatively high concentrations (100
ng/ml) was added to mixed cultures of strains
916 and 766; it decreased the rate of acquisition
of novobiocin resistance in stationary cultures
by 40 to 70% but produced an increase of the
rate of acquisition in aerated cultures. The effect
varied greatly with the DNase preparations,
some highly purified preparations having no
detectable effect. It is possible that the effect of
some DNase preparations is owing to impurities
present in these preparations.

In attempts to inactivate DNase by pretreat-
ment with pronase, a consistent increase of the
rate of transfer of novobiocin resistance was
observed. Further experiments indicated that
pronase alone had the same activating effect,
resulting in an increase of 130 to 300% of the rate
of acquisition of novobiocin resistance. A de-
tectable effect was obtained with concentrations
as low as 1 pg/ml, but increased when the
pronase concentrations were raised. Subse-
quently 100 wg of pronase (Calbiochem, 45,000
U/g) per ml was routinely added in transfer
experiments. Other proteases such as chymo-
trypsin, proteinase K, and especially nagarase
had an activating effect on the acquisition of
novobiocin resistance.

The addition of pronase accelerated the ap-
pearance of novobiocin-resistant colonies (Fig.
1) but decreased slightly the optical density of
the mixed cultures. The determination of the
ratio of 916 to 766 cells after 6 h of incubation
showed a higher ratio of 916 cells (120/1 to 180/1)
than in the absence of pronase. The number of
phage particles in the supernatant and the total
colony count on nonselective medium were of
the same order of magnitude as in the absence of
pronase.

Lysogeny with phage 188 appears to be essen-
tial for the acquisition of antibiotic resistance.
Strain 1220, a nonlysogenic derivative of strain
916 obtained by nitrosoguanidine treatment, be-
came sensitive to phage 188 and showed no
detectable phage production after induction with
mitomycin C, strains 766 and 1830 serving as
indicators (strain 1830 was found to be sensitive
to all S. aureus phages tested in our laboratory).
In mixed cultures of strain 1220 with strain 766,
there was no detectable transfer of antibiotic
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resistance and the ratio of 1220 to 766 cells
remained close to 1/1. Strain 1220 regained the
ability to acquire novobiocin resistance after
lysogenization with phage 188. The rate of ac-
quisition was 20 to 30% of that observed with
strain 916, possibly owing to a lower phage
production (3 X 10° to 5 x 10° PFU/ml after 3 h
incubation in mixed cultures).

Acquisition of antibiotic resistance by strains
lysogenized with phage 188. Most experiments
were carried out with strain 766 lysogenized
with phage 188 (766[188]). Similar results were
obtained with other strains lysogenized with
phage 188. Mixed cultures of the lysogenic
strains 766(188) and 916 gave a low rate of
transfer of novobiocin resistance from strain
766(188) to strain 916 and of chromosome-deter-
mined gentamicin resistance associated with
erythromycin resistance from strain 916 to strain
766(188) (3 x 107 to 8 x 107%/CFU). In mixed
cultures of strains 1220 and 766(188), strain
766(188) acquired from strain 1220 plasmid-de-
termined chloramphenicol resistance and sever-
al groups of associated chromosomal resistance
markers, such as tetracycline and minocycline
resistance, gentamicin and erythromycin resist-
ance, and streptomycin and kanamycin resist-
ance. There was no detectable transfer of novo-
biocin resistance from strain 766(188) to strain
1220. A more detailed account of these experi-
ments will be given elsewhere.

In experiments with several S. aureus strains,
it was found that strain 766(188) can acquire in
mixed cultures both chromosome- and plasmid-
determined resistance markers. The results with
strains PS84, PS90, and RN1965 are summarized
in Table 3. Strain RN1965 is genetically related
to strain 766 and is lysogenic for phage P11. The
plasmid content of the three strains was deter-
mined by DNA-gel electrophoresis (2). Strain
RN1965 harbors six plasmids. Of these, three
are penicillinase plasmids, since erythromycin,
kanamycin, and cadmium resistance determi-
nants were located on different penicillinase
plasmids (R. Novick, personal communication).
Strains PS84 and PS90 each harbor five plas-
mids, strain PS84 possessing both plasmid- and
chromosome-determined tetracycline resistance
10).

Mixed culture experiments with nonlysogenic
766 cells indicate a low rate of transfer of
antibiotic resistance markers from strain
RN1965 to strain 766; from 2 X 107 3t0 5§ x 107°,
depending on the resistance marker. No transfer
of antibiotic resistance was observed in mixed
cultures of strain 766 with strains PS84 and
PS90. The rate of transfer into strain 766(188)
depended on the donor strain and the antibiotic
selected (Table 3). In some instances, as selec-
tion for erythromycin resistance with the mixed
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culture 766(188) and PS90, a ratio of resistant
colonies up to 5§ X 10™%/CFU was observed. The

rate of acquisition of tetracycline resistance was E g
very high with all three donor strains, whereas -
the rate of acquisition of streptomycin resistance gl= -
was high with strains RN1965 and PS90 and low EEe

with strain PS84. Erythromycin resistance was
acquired at a much higher rate from strain PS90
than from strain RN1965.

The transfer of the antibiotic resistance mark-
ers from strain RN1965 was accompanied by the
transfer of the corresponding plasmids. Individ-
ual plasmids could also be detected after the
transfer of tetracycline resistance and cadmium
resistance plus penicillinase activity from strain
PS84 and tetracycline resistance, chlorampheni-
col resistance, and cadmium resistance plus
penicillinase activity from strain PS90. No de-
tectable plasmids were found after acquisition of
streptomycin resistance from strain PS84 and
streptomycin or erythromycin resistance from
strain PS90.

Testing for coacquisition of nonselected anti-
biotic resistance markers in mixed cultures
766(188) and RN1965 indicated that 3% of the
tetracycline-resistant colonies were also strepto-
mycin resistant and vice versa. No coacquisition
of chloramphenicol resistance has been ob-
served. When selection was made for chloram-
phenicol resistance, a high rate of coacquisition
of tetracycline and streptomycin resistance was
observed. However, only one chloramphenicol-
resistant colony was both streptomycin and tet-
racycline resistant. DNA gel electrophoresis in-
dicated that the tetracycline, chloramphenicol,
and streptomycin resistance markers remained
linked to distinct plasmids. There was also coac-
quisition of cadmium resistance with erythromy-
cin resistance and of erythromycin resistance
with kanamycin resistance.

Strain 1003 is a derivative of strain 916 which
apparently in a single step lost all resistance
determinants with the exception of tetracycline
resistance, yet retained the lysogenic phage 188.
(A more detailed description of this strain will be
given elsewhere.) In mixed culture experiments
with a novobiocin-resistant derivative of strain
1003, the ratio of resistant colonies obtained
with strain RN1965 was of the same order of
magnitude as with the mixed culture 766(188)
and RN1965, but the rate of coacquisition of
resistance determinants was much lower (Table

NR -Cdz*
693 (5 ery)°

325
423
430

NR-ery
390 (26 Cd?**)°

1,734

NT
296 (4 Cd**)°

NR-chlor

94 (15 str, 12 tet)°

284
NT

Transfer of antibiotic resistance in following selective medium?:
79 2 str)©

12

NR-str
1,832 (51 tet)°
1,493

1,634

, footnote a.

842 (39 mino)*©

NT

TABLE 3. Transfer of antibiotic resistance in mixed cultures in LB broth with strains lysogenic for phage 188
NR-tet
1,536° (46 str)°
1,290
¢ Cotransfer of nonselected resistance markers.
¢ Cotransfer of minocycline resistance.

2 For abbreviations, see Table 1
5 Number of colonies selected.

3). _ 9 3

Transduction experiments were carried out § 3 § g
with phage 188 induced in strain 766(188) (4 X . (2222 2
10° to 6 x 10° PFU/ml) with strains 916 and 1220 i |+++2 Z
as acceptors. The rate of transfer of novobiocin “ O RBR+ E
resistance was very low (3 x 1078 to 2 x 10™% § § § g L
PFU). There was no significant difference in the fRL=

rate of transfer with lysogenic and nonlysogenic
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acceptor strains. In contrast with experiments
with mixed cultures, the addition of pronase had
no detectable effect on the rate of transfer of
novobiocin resistance in transduction experi-
ments.

DISCUSSION

It was found that multiply resistant strains of
S. aureus of experimental phage type 88, lyso-
genic for phage 188, acquired chromosome-de-
termined novobiocin resistance when grown in
mixed culture with novobiocin-resistant strains
766 and 385 sensitive to phage 188. This system
was extended to other chromosome- and plas-
mid-determined resistance markers by using ac-
ceptor strains lysogenic for phage 188. The
direction of transfer of antibiotic resistance was
predominantly from cells sensitive to phage 188
to the lysogenic cells. The rate of acquisition of
resistance depended to a high degree on the
markers and strains used.

The acquisition of resistance determinants in
liquid cultures required aeration and the pres-
ence of Ca?* and was activated by proteases.
Lysogeny of the acceptor strain and sensitivity
to phage 188 of the donor strain appear to be
essential for the acquisition of antibiotic resist-
ance in mixed cultures. This is indicated by the
lack of the ability to acquire antibiotic resistance
by strain 916 after the loss of the prophage 188
(strain 1220) and the acquisition of antibiotic
resistance markers in mixed cultures by strains
lysogenised with phage 188. The very low rate of
bidirectional transfer in mixed cultures of lyso-
genic strains 916 and 766(188) is consistent with
these observations.

The requirement for aeration could be ex-
plained by the higher degree of phage sensitivity
of the actively growing donor cells. The activat-
ing effect of proteases is more difficult to ex-
plain. The increased ratio of 916 to 766 cells
compared with mixed cultures without proteases
could suggest a higher degree of lysis of the
donor cells.

In contrast to results obtained with mixed
cultures, transduction experiments with phage
188 or the addition of supernatant fluid of mixed
cultures to acceptor strains resulted in a very
low rate of transfer of antibiotic resistance. It is,
therefore, improbable that a typical transduction
process as suggested by Meijers et al. (7) is
sufficient to explain the acquisition of antibiotic
resistance by lysogenic cells. The relatively high
rate of transfer in mixed cultures could possibly
be explained by the need for cell contacts, as
suggested by the requirement for a high cell
density or by the continuous generation of rela-
tively unstable genetic material, possibly after
contact of the phage particles with the lysogenic
acceptor cells.

ANTIMICROB. AGENTS CHEMOTHER.

A comparison of the data obtained with
strains of type 88 with published data on transfer
of genetic material in mixed cultures is difficult,
owing to differences in experimental conditions
and of the strains used by different investigators.
High cell concentrations and the presence of
Ca** were required in the experiments of Lacey
(4, 5) and Witte (12). Lacey used aerated cul-
tures, whereas Witte obtained efficient transfer
in stationary cultures. In most experiments re-
ported in the literature (4, 6, 7, 12), the transfer
of genetic material occurred mainly from lyso-
genic to nonlysogenic cells, although bidirec-
tional transfer has been reported (7). In recent
experiments, Lacey (5) observed a high rate of
acquisition of antibiotic resistance by cells ly-
sogenized with phage 55. The transfer was limit-
ed to plasmid-determined antibiotic resistance
markers and occurred after a short time interval
of incubation. The short interval of contact
between donor and acceptor cells led Lacey to
the assumption that the lysis of the donor cells
by phage 55 is not involved in this type of
transfer, but rather the presence of prophage 55
facilitates genetic transfer by cell contact.
Strains lysogenic for phage 188 acquire both
chromosome- and plasmid-determined resist-
ance markers and the lysis of the donor cells is
apparently required for the acquisition of resist-
ance determinants. The acquisition of chromo-
some-determined resistance markers could be
useful in the genetic analysis of multiply resis-
tant strains of S. aureus which often contain
chromosome-determined resistance markers
(10; unpublished data).
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