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The conjugative plasmid pAD1 (56.7 kilobases) in Streptococcus faecalis has been shown to confer a

mating response to the sex pheromone cAD1 excreted by recipient strains. The response is characterized by
the synthesis of a proteinaceous adhesin which coats the surface of the pADl-containing donor cell and
facilitates the formation of mating aggregates. Donors exposed to cADl-containing filtrates of recipients
undergo self-aggregation (clumping), an event believed to be associated with an interaction between the
adhesin and a binding substance always present on the surface of both recipients and donors. To analyze the
molecular processes involved in the mating response, mutants were generated by the erythromycin
resistance transposon Tn917. Transpositions to pAD1 in S. faecalis DS16 gave rise to a number of
derivatives that exhibited "constitutive clumping" and the ability to transfer at high frequencies in short
(10-min) matings. These mutants fell into two subclasses, which exhibited colony morphologies that were

"dry" or "normal". The Tn917 insertions were mapped by restriction enzyme analysis to two separate
clusters, designated traA and traB. The dry colony subclass corresponded to traA and represented a span of
1.5 kilobases, whereas the normal subclass corresponded to traB and spanned 1.3 kilobases. The two
clusters were separated by 1.7 kilobases in which insertions of Tn917 did not affect the ability to respond
normally to cAD1. Neither type of constitutive clumper produced cAD1. Another series of insertions
exhibited reduced donor potential. In two cases, the reduction in transfer was three to four orders of
magnitude; these mapped in traA. In two other cases, the reduction was one to two orders of magnitude.
These mapped outside of traA and traB, and one was associated with an increase in plasmid copy number.

Two types of conjugative plasmids have been observed in
streptococci. One type, with a molecular size generally in
the range of 22 to 30 kilobases (kb), does not give rise to
mating aggregates in liquid broth; mating on solid surfaces
(e.g., filter membranes) is required for transfer. These
plasmids are usually able to transfer between a variety of
streptococcal species and even between different genera. In
contrast, the other type of plasmid discussed in this commu-
nication (i) usually has a size of greater than 45 kb, (ii)
transfers efficiently in broth, (iii) is characterized by its
response to small heat-stable substances (sex pheromones)
excreted by potential recipients, and (iv) has thus far been
reported to occur only in Streptococcus faecalis (3, 7, 8, 10,
11). (For a review of plasmid transfer in streptococci, see
reference 2.) The response to the sex pheromone is charac-
terized by the synthesis of a proteinaceous adhesin (16, 22)
on the donor cell surface; this substance is referred to as
aggregation substance (AS) and exhibits antigenic properties
only associated with induced cells. Donor cells induced by
exposure to filtrates of recipients undergo self-clumping. AS
is presumed to adhere to a substance referred to as binding
substance, which is located on the surface of both donor and
recipient cells. Mating aggregates arise upon random colli-
sions between the nonmotile donors and recipients; once a
copy of plasmid DNA has been acquired by the recipient, the
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production of the related pheromone ceases. Different pher-
omones, specific for donors harboring different classes of
plasmids, continue to be excreted.

Figure 1 illustrates a previously proposed (11) hypotheti-
cal model suggesting how pheromones, aggregation, and
mating may interrelate. Applied here toward the 56.7-kb
hemolysin-bacteriocin plasmid pAD1 (5, 21), a determinant
designated IcADl has been proposed to be involved in the
shutoff of chromosome-determined pheromone cAD1. Re-
cent evidence (14) indicates that this is accomplished
through a chemical addition of ca. 350 daltons to the 1,050-
dalton pheromone and involves the formation of a phospho-
diester bond. A determinant involved in controlling expres-
sion of AS has also been proposed; designated RcADI, it is
most simply conceived as encoding a substance which
represses the synthesis of AS.
The derivation and characterization of plasmid mutants

altered in the mating response would be very useful in
revealing the mechanisms by which aggregation and plasmid
transfer are controlled. For example, if AS were indeed
negatively controlled, it should be possible to obtain mutants
defective in RcADI which would give rise to constitutive
expression of AS. Such variants would self-aggregate contin-
uously. Mutations in IcADI might also give rise to constitu-
tive expression due to a response to endogenous pheromone.
Using the erythromycin resistance transposon Tn917 (5,

19, 20), we generated a number of insertions into pAD1,
many of which gave rise to abnormal mating behavior. We
found that mutations resulting in constitutive clumping can
indeed be obtained and map in two regions on the plasmid.
In neither case, however, did these variants appear to
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cPDI

cADI
FIG. 1. Model illustrating certain aspects of the pheromone

response of pADl and the shutoff of endogenous cAD1. IcADl is a
determinant for the modification (inactivation) of endogenous
cAD1. The cell continues to excrete different pheromones such as
cPD1. RcADI determines a regulatory protein involved in control-
ling the synthesis of AS via a direct, or indirect, interaction with
exogenous cAD1. The dark surface structures represent AS and are

believed to represent an adhesin that uniformly coats the cell as a

result of induction by cAD1. The clear (half-circle) surface stru(-
tures represent binding substance (BS); it is encoded by the chromo-
some and is always present on the surface of both recipients and
donors. Binding substance interacts with AS in the generation of
mating aggregates.

produce endogenous cAD1. These and related results are

presented here.

MATERIALS AND METHODS
Bacteria, media, and reagents. The S. faecalis strains used

in this study are listed in Table 1. Unless otherwise indicat-
ed, the medium used throughout this study was N2GT
(Oxoid Nutnient Broth no. 2 supplemented with glucose
[0.2%] and Tris-hydrochloride [0.1 M], pH 7.7.), and turbidi-
ty was monitored with a Klett-Summerson colorimeter with
a no. 54 filter. Selective agar plates contained Todd-Hewitt
broth (Difco Laboratories, Detroit, Mich.), and the drug
concentrations used were as follows: erythromycin, 25 ,ig/
ml; rifampin, 25 jig/ml; fusidic acid, 25 jig/ml, streptomycin,
500 ,ig/ml; kanamycin, 500 jig/ml; spectinomycin, 500 jig/ml;
and tetracycline, 5 ,ug/ml. Hemolysin detection was on
Todd-Hewitt plates containing 4% horse blood (Colorado
Serum Co., Denver, Colo.). The sources of the reagents
used in the study were as previously described (5, 11-13, 20,
22).

[With regard to bacterial strains, we wish to note that
derivatives of strain JH2-2 harboring pAD1 generally do not
exhibit a typical clumping response when exposed to phero-
mone-containing filtrates, despite the fact that isogenic
strains such as JH2SS(pAD1) or FA2-2(pAD1) exhibit nor-
mal responses. In addition, the transfer frequency in broth
from strain JH2-2(pAD1) is very low (less than 10-6 per

donor); however, transfer occurs at ca. 10- per donor in
filter matings. Indeed, it was for this reason that strain FA2-2
(5), with essentially identical markers as strain JH2-2, was

originally constructed. When strain JH2-2 harbored a deriva-

tive of pAD1 previously shown to give rise to constitutive
clumping, aggregation did occur; thus the host defect is not
in the ability to express AS but rather may relate to the
ability to recognize and take up exogenous cAD1.]

Isolation of pAD) derivatives with Tn917 insertions. Inser-
tions were derived as a result of transposition ofTn917 (5 kb)
from pAD2 to pAD1 in strain DS16. pAD2 is a 25.7-kb
nonconjugative plasmid which, in addition to the transpo-
son, bears determinants for resistance to streptomycin and
kanamycin (5, 21). Logarithmic cultures of strain DS16 were
exposed to erythromycin (0.5 ,ug/ml) for 4 h to enhance the
frequency of transposition (19, 20). The cells were then
washed and mated in broth with strain OG1RF or FA2-2 for
4 h or 10 min,'respectively. A mating mixture corresponded
to 0.05 ml of donors and 0.5 ml of recipients added to 4.5 ml
of fresh broth. Selection was on blood agar plates containing
rifampin, fusidic acid, and erythromycin. Transconjugants
that were sensitive to streptomycin and kanamycin generally
contained pAD1: :Tn9J7 derivatives.

In the cases involving matings between strains DS16 and
OR1RF (i.e., 4-h matings), 30 independent experiments were
done; and of 1,500 OGlRF(pAD1::Tn9J7) derivatives exam-
ined, ca. 2% proved to be "constitutive clumpers." In the
matings between strains DS16 and FA2-2 (i.e., 10-min mat-
ings), 100 independent experiments were carried out, yield-
ing 4,000 FA2-2(pAD1::Tn9J7) derivatives. Of these, ca.
20% exhibited constitutive clumping. We point out that the
10-min matings would be expected to select for such deriva-
tives, since most other derivatives would still require the 30-
to 40-min period necessary to respond to the pheromone of
the recipients. The derivatives not exhibiting constitutive
aggregation were tested for their ability to respond to
pheromone (11) and with only a few exceptions (indicated in
the text) were found to be normal. The transfer of
pADI::Tn9J7 derivatives from one strain to another was
done in broth or in cross-streak matings as previously
described (5).
Clumping assays. Detection of aggregation was as previ-

ously described (10, 11). Pheromone preparations (cADl) were
culture filtrates of strain JH2-2. Generally, 0.5 ml of culture
filtrate from late logarithmically growing cells was mixed
with 0.5 ml of fresh N2GT broth and 20 ,ul of overnight-
cultured cells to be tested for their ability to respond. The

TABLE 1. S. faecalis strains used in this study
Chro-

Strains moso- Plasmid content Comments orStrains mal ge- references
notype

DS16 tet pAD1 (Hem-Bac); Original isolate
pADl [Smr Kmr (21)
Tn9l7(Emr)]

OG1RF riffus None Derivative of
QG1 (18)

OG1-10 str None Derivative of
OG1 (11)

OG1-10(pAM700) str pAM700 (14)
(pAD1: :Tn9J7)

OGlX str None Protease pegative
mutant of OG1-
10 (14)

JH2-2 riffus None Mutant of JH2
(15)

FA2-2 riffus None Mutant of JH2 (5)
JH2SS str spc None Mutant of JH2

(20)

J. BACTERIOL.



pAD1 PHEROMONE RESPONSE IN S. FAECALIS 779

mixtures were cultured for 4 h at 37°C with shaking and were
examined for clumping. This method was also used when
testing strains harboring pAD1::Tn9I7 derivatives for their
ability to excrete pheromone; culture filtrates of the latter
strains were tested by using strain OG1-10(pAM700) as a
responder. When pheromone titers or the sensitivity of a
particular responder was desired, a microtiter dilution assay
(11) was used. Examination for constitutive clumping in-
volved inoculating fresh N2GT with an overnight inoculum
(5%) for 4 h and visually monitoring. The assay for modified
pheromone (inhibitor) was as previously described (14).

Isolation of plasmid DNA and mapping. The isolation of
plasmid DNA made use of Sarkosyl lysis procedure, fol-
lowed by separation of satellite DNA by ethidium bromide-
cesium chloride equilibrium centrifugation (1, 6). Satellite
DNA, located by exposure to an ultraviolet lamp, was
removed by puncturing the side of the centrifuge tube with
an 18.5-gauge syringe needle. In the case in which the
relative copy number of plasmid DNA was estimated, the
cells were previously grown in radioactive thymidine, and
the resulting gradient was collected in its entirity and count-
ed as previously described (1, 4). The amount of plasmid
DNA was estimated relative to chromosomal DNA. Further
preparation ofDNA and materials for subsequent restriction
enzyme mapping and the details of the mapping procedure
were done as described elsewhere (5, 12).

Immunofluorescence analysis. Immunofluorescence analy-
sis was performed as previously described (22). The antiser-
um had been prepared against the "aggregation substance"
of pPD1 but has been shown (22) to strongly cross-react with
the "AS" of pAD1.

RESULTS

Generation of insertion mutants altered in mating response.
Insertions of Tn917 into pAD1 were obtained as a result of

erythromycin-induced transposition (19, 20) from the non-
conjugative pAD2 in S. faecalis DS16, using the procedure
described above. A list of these derivatives along with their
phenotypic properties is shown in Table 2.
A number of insertions, called classes B and C, gave rise

to constitutive clumping accompanied by increased mating
potential, whereas other variants exhibited a reduction in
transfer frequency (classes D through G). Transferability in
broth matings was examined in a "JH2" background (from
strain FA2-2 to strain JH2SS) as well as an "OG1" back-
ground (from strain OG1-10 to strain OG1RF). The pheno-
types (relative to the wild types represented by members of
class A) were similar in both backgrounds, although the
transfer frequencies in the OG1 background were usually ca.
one to two orders of magnitude higher than in the JH2
background. (This difference in the two backgrounds is also
seen for the normal phenotype.) The mating results shown in
Table 2 involved the JH2 background.
The strains characterized by constitutive clumping (class-

es B and C) aggregated without exposure to pheromone in
both the JH2 and OG1 backgrounds. The corresponding
plasmids transferred at relatively high frequencies in 10-min
matings in contrast to the wild type, which usually requires
30 to 40 min of exposure to pheromone before significant
transfer occurs. Transfer during 10 min was almost as high as
after 4 h. The constitutive clumping strains fell into two
subclasses, which exhibited different colony morphologies.
In one case, class C, the colonies appeared normal; whereas
the other, class B, had a "drier" texture. The differences
were easily seen when the colonies were scraped with the
end of a toothpick. We also note that the constitutive
aggregation exhibited by class B is much more extensive
than that of class C. Class B strains form much larger
clumps; indeed the aggregation is even more extensive than
that observed in the response of normal strains (e.g., class
A) to exogenous pheromone. Class C clumping had a more

TABLE 2. pAD1::Tnl97 derivatives and related phenotypes

Clumping' Frequency of transfer fromFA2-2 to JH2SS
Classification Plasmid derivatives Colony No expo- Exposure

sure to to phero- 10-min 4-h mating
pheromone mone mating

A (Normal pAM709, pAM713, pAM714, Normal - + <10-7 1 X 10-4
clumping) pAM738, pAM739, pAM740, to

pAM741, pAM742, pAM743, 1 x 10-3
pAM744, pAM745, pAM750,
pAM752, pAM753, pAM754.

B (Constitutive pAM721, pAM722, pAM723, Dry + + 1 X 10-3 2 x 1O-'
clumping) pAM724, pAM725, pAM726, to to.

pAM729, pAM730, pAM731, 1 x 1O-3 5 x 10-3
pAM733, pAM734, pAM735,
pAM736, pAM737.

C (Constitutive pAM701, pAM702, pAM703, Normal + + 1 x 10-4 1 X 1o-3
clumping) pAM705, pAM746, pAM747, to to

pAM748, pAM749. 1 x 10-3 2 x 10-3
D (No clum- pAM727 Dry - - <10-7 1 X 10-5

ping)b pAM728 - - <10-7 7 x 10-6
E (Reduced pAM720 Normal - + <10-7 6 x 10-5

transfer)
F (cop)c pAM710 Normal - + <10-7 5 x 10-5
G (Deleted pAM717 Normal - - <10-9 <10-9

plasmid)

a +, Clumping observed; -, no clumping observed.
b Constitutive clumping in OG1 background but not in FA2-2.
c Location of the insertion of pAM710.
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grainy appearance and was more typical to that correspond-
ing to a normal pheromone response. Immunofluorescence
analysis of representative strains of classes B and C
(pAM721 and pAM702), using antiserum specific for AS
(22), showed positive staining (data not shown).

Filtrates from FA2-2 cells containing the constitutive
clumping plasmids shown in Table 2, as well as additionally
derived similar strains (a total of 800 strains were examined),
were devoid of cAD1 activity. In addition, filtrates of
representatives of the two subclasses (class B [pAM721,
pAM724, pAM734, pAM735] and class C [pAM701,
pAM702, pAM705]) contained inhibitor activity (4 U in all
cases) corresponding to the modified form of cAD1 (14).
The plasmids pAM727 and pAM728 (class D) promoted

constitutive clumping in an OG1 background (strain OG1-10
or OG1X); however, in a JH2 background (strain FA2-2 or
JH2SS) no clumping was visible, even upon exposure to
exogenous pheromone at a titer of 32. The two exhibited a
drier than normal colony morphology in both backgrounds.
In the OG1 background, pAM727 and pAM728 both trans-
ferred at frequencies of 1 x 10-4 to 3 x 10-4 (10 min) and 5 x
10-4 to 9 x 10-4 (4 h). (These values are two orders of
magnitude lower than for pAM701 [class C] and pAM721
[class B] in an OG1 background.) This is in contrast to the
much lower values observed for the JH2 background (Table
2). It appears that mating aggregates arise, but to a lesser
(visibly undetectable) extent, in the JH2 background. The
constitutive aggregation observed in the OG1 background is
not as extensive as that of the constitutively clumping class
B types; rather, the clumping has a more grainy appearance
resembling that of class C types (see above). Interestingly,
the strains harboring pAM727 and pAM728 consistently
exhibited a higher than normal level of modified endogenous
pheromone (6 and 5 U, respectively) in comparison to
members of the two constitutive clumping, high-transfer
subgroups (classes B and C) and normal phenotypes (class
A; e.g., pAM714) in which 4 U was the usual level. (We note
here that units are logarithmically related to concentration.)

Strains harboring pAM720 (class E) or pAM710 (class F)
gave rise to a typical clumping response when exposed to
two-fold-diluted filtrates of strain JH2-2. Both, however,
were reduced in transferability in 4-h matings. pAM710 was
found to occur at an elevated copy number, a phenomenon
first suspected from its ability to give rise to larger than
normal zones of hemolysis on blood agar. Interestingly, the
degree of increase in copy number depended on the host.
Relative to the normal case represented by pAM714 (one to
two copies per chromosome in both the OG1 and JH2
backgrounds), pAM710 was increased by 4.8 and 2.5 times in
OG1 and JH2 backgrounds, respectively. (These are based
on the averages of two independent estimates of the amount
of covalently closed circular DNA present in each case.)

Strain OGlRF(pAM717) failed to respond at all to phero-
mone and was completely incapable of conjugative transfer
(even in filter matings). Analyses by agarose gel electropho-
resis indicated that this plasmid had sustained a deletion and
had a mass of only 33 kb (data not shown). Its copy number
appeared normal. Interestingly, cAD1 activity was present
in filtrates of these cells at levels corresponding to that
produced by plasmid-free strains; thus, the deletion removed
the ability to modify endogenous pheromone.

Transfer kinetics of mutant plasmids. Representative vari-
ants were examined for their transferability to recipients as a
function of time, and the results are shown in Fig. 2. (The
donor host was strain FA2-2; the recipient was strain
JH2SS.) pAM714 represents normal behavior and is shown

to give rise to incresing numbers of transconjugants for ca. 3
h, at which point the frequency levels off. pAM702 and
pAM721 represent constitutive clumpers of the normal (class
C) and dry (class B) colony morphology, respectively; their
behaviors were similar, showing a high degree of transfer
during the early moments of mating. In these cases, the
increase observed over the first 1 to 2 h may simply reflect
growth of the cells during this time (i.e., increasing numbers
of donor-recipient collisions arising due to increasing cell
density). pAM710 and pAM720 were observed to transfer at
increased rates as time progressed but did so more slowly
than the wild type (i.e., pAM714). After 4 h, the frequency
leveled off at 1 to 1.5 orders of magnitude lower than the case
for pAM714. pAM727 and pAM728 reached a maximum
very quickly (at ca. 1.5 h) and then leveled off. Three h later,
the transfer level remained unchanged at ca. three orders of
magnitude lower than the case for pAM714.

Figure 3 shows the extent of transfer in 10-min matings,
after prior exposure of donors to filtrates containing cAD1
for increasing lengths of time. pAM714 was found to require
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Mating Timne (Hours)

FIG. 2. Kinetics of plasmid transfer of pAD1::Tn917 derivatives.
The recipient was strain JH2SS in all cases but one; the donors were
strains FA2-2(pAM721), FA2-2(pAM702), FA2-2(pAM727), FA2-
2(pAM728), FA2-2(pAM720), and FA2-2(pAM714). In one case, the
recipient was strain FA2-2 and the donor was strain
JH2SS(pAM710). Matings were carried out with an initial volume of
a mixture of 0.05 ml of donors, 0.45 ml of recipients, and 4.5 ml of
fresh N2GT broth. The mixtures were incubated at 37°C with gentle
shaking. At the indicated times, 0.1-mi samples were removed,
diluted appropriately, and plated for donors (erythromycin, rifam-
pin, and fusidic acid) and transconjugants (erythromycin, strepto-
mycin, and spectinomycin). The reverse was the case for the mating
involving pAM710. The number of transconjugants per donor was
calculated and plotted as a function of time. Symbols: 0, pAM714;
O, pAM727; A, pAM728;@*, pAM72O; *, pAM721; *, pAM7O2;
and X, pAM710.
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FIG. 3. Transferability of pAD1::Tn917 derivatives in short mat-
ings as a function of length of prior exposure to pheromone.
Overnight cultures of strains FA2-2(pAM727), FA2-2(pAM720), and
FA2-2(pAM714) were diluted (1:10) into a 1:1 mixture of cAD1
(culture filtrate of strain JH2-2) and fresh N2GT broth (total volume,
5 ml). At the indicated times, 0.1-ml samples were removed and
mixed with recipients (1 volume of donors to 9 volumes of recipients
[JH2SS cells that were similarly diluted and incubated in N2GT
broth during the donor incubation]) for 10 min at 37°C. The mixtures
were then plated on selective agar. Symbols: 0, transconjugants
receiving pAM714; A, transconjugants receiving pAM727; 0, trans-
conjugants receiving pAM720.

90 to 120 min to fully respond to pheromone, whereas
pAM720 responded more slowly and plateaued at a lower
level. (In these two cases, the onset of a stationary phase
may have prevented plateauing at even high levels.) Interest-
ingly, pAM727 gave rise to a constant level of transfer
throughout, suggesting little or no response at all to the
pheromone.
Mapping of Tn917 inserts of pAD1. A physical map of

pAD1 showing the locations of EcoRI, Sail, and BamHI
restriction sites has been previously published (5). A map of
pAD2 was also generated (5) and revealed that Tn9O7 has a
single SalI restriction site located nearly exactly in its
center. This restriction site was useful in determining the
location of the inserts relative to other restriction sites; the
results of such analyses are summarized in Fig. 4 and 5.
The constitutive clumpers were observed to map in two

clusters, designated traA and traB, located at 14.5 to 16.0
and 17.7 to 19.0 kb, respectively. (The coordinates are
measured clockwise from a BamHI site located at 12 o'clock
on the pAD1 map.) The dry colony morphology derivatives
(classes B and D) are all located in traA, whereas those with
normal colony morphology (class C) correspond to traB. A
number of insertions were found to map between traA and
traB; these derivatives all appeared to be normal (class A)
with respect to their mating response. Interestingly, the
transfer-defective plasmids pAM727 and pAM728 (class D)
map near the center of traA. pAM720 (class E) mapped far
away at a coordinate of 40.7 or 45.4 kb. (We did not

distinguish between these two positions.) The plasmid of
the copy mutant pAM710 (class F) mapped at 20.8 kb.

Figure 4 also indicates the region lost in the deletion of
pAM717; the missing portion involves about half of pAD1
and includes traA and traB. As mentioned above, this
plasmid is incapable of transfer and allows the production of
normal pheromone.

DISCUSSION
Tn917 insertions into pAD1 have given rise to several

different classes of mutations altered in the normal mating
response. Two classes synthesize AS constitutively and
transfer plasmid DNA at relatively high frequencies in short
matings. In this regard, they resemble a mutant recently
reported in the pCF-10 system (9). The ability to obtain such
mutants suggests a form of negative control and also sug-
gests that repression of AS synthesis may involve the
products of two genes. Alternatively, one class could be due
to a promoter on Tn917 which facilitates reading of the AS
structural gene. Although we had considered the possibility
that one type of mutation giving rise to constitutive AS
synthesis could involve the putative IcADl gene, neither of
the observed classes was of this type. The failure to obtain
such mutants argues that Tn917 insertions into the putative
IcADI are quite rare or that such strains are still incapable of
responding to endogenous pheromone.

It is possible that products from the two segments, desig-
nated traA and traB, interact in some way in the repression
of AS. The fact that traA mutants have a distinguishable
colony texture (dry) and give rise to unusually large clumps
suggests differences in surface properties of the cell and also
suggests that the AS in this case may be altered. Two
plasmids mapping in traA (pAM727 and pAM728) were
greatly reduced in transferability in a JH2 background.
Neither plasmid was a constitutive clumper (in this back-
ground) and neither responded to pheromone. Both behaved

kb
56.7/0

pAM720

tro

cop

conserved
in pAM 717

FIG. 4. Map of pAD1 based on analyses of Tn917 insertions.
Hly-bac, hemolysin-bacteriocin determinant; cop, location of the
insertion of pAM710. traA and traB are segments of DNA into
which insertions give rise to constitutive clumping. A more detailed
description of the region containing traA, traB, and cop is shown in
Fig. 5. The restriction sites were as follows: E, EcoRI; S, Sall; and
B, BamHI.

I I I I I I
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FIG. 5. Map of region of pAD1 containing traA, traB, and cop. The arrows indicate the point of each Tn917 insertion and the identification
number of the related pAM plasmid.

as if the low level of transferability was of a constitutive
nature. That is, the transfer kinetics paralleled that of other
traA (or traB) mutants, except that the frequency was
several orders of magnitude lower. It is conceivable that the
structure of AS itself is altered. (Possibly due to an absence
of appropriate processing?) The formation of aggregates may
simply be too inefficient to be noticable.
The two other plasmids reduced in transfer (pAM720 and

pAM710) mapped elsewhere on pAD1; whereas transfer was
reduced, the ability to give rise to a normal clumping
response was not affected. With respect to donor potential,
both were somewhat sluggish in responding to pheromone.
One of the mutants, pAM710, exhibited an increased plas-
mid copy number. Another plasmid, pAM717, was incapa-
ble of transfer and sustained a large deletion which included
traA and traB.

It should be kept in mind that the procedure for generating
the Tn917 insertion mutations tends to select for variants
with increased ability to transfer; thus, a great majority of
the derivatives were of the traA or traB type. The few
mutants reduced in transfer may have arisen from insertions
acquired just before mating, and unaltered proteins may still
have been available for use in transfer. The possibility of
generating such derivatives is afforded by the inducibility of
Tn917 transposition. That is, induced insertions occuring in
the donor may be followed by plasmid transfer before
phenotypic expression.
The present data suggesting a negative control are sup-

portive of, but not proof of, a plasmid-borne locus for the AS
gene. (The uncertain location of this determinant has been

noted previously [11]). If the negative control were exerted
on a chromosomal AS locus, plasmid-free strains would be
expected to express AS constitutively. This, of course, does
not happen.
These studies represent the beginning of a genetic analysis

of the mating response conferred by pAD1, a plasmid
recently shown to be closely related to several different S.
faecalis hemolysin plasmids of diverse geographical origin
(17). In addition, the utility of Tn917 in conducting genetic
analyses in streptococci has been demonstrated; it is note-
worthy that this transposon has also recently been used in
mutational studies in Bacillus subtilis (23).
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