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Summary. Pneumococcal mutants were isolated that showed no zones of
DNA hydrolysis around the bacterial colonies, even after prolonged incu-
bation on the surface of agar plates containing DNA and methylgreen.
Lysates of such mutants contained only very low levels of endonuclease
activity; the mutants were also defective in genetic transformation even
though they could still bind DNA to their surface. However, the same
mutants could be made to undergo normal, high frequency genetic trans-
formation by treatment with the activator protein, under appropriate
conditions. The same treatment caused no detectable increase in the
endonuclease level. Poor transformability of these mutants seems to be
related to an inhibitory factor(s) released into the growth medium.
Activation in the presence of this factor{s) leads to an abnormal
(non-productive) DNA adsorption - both in mutant and in wild type pneu-
mococci .

INTRODUCTION, In genetic transformation large polynucleotides cross
cellular boundaries without loss of their genetic activity. The mecha-
nism of this important process is not understood. In wild type pneumo-
cocci, cellular ability to adsorb and take-in exogenous DNA seems to be
controlled by a protein (“activator') factor that is produced by growing
cultures at a critical cell concentration {1). 1t is also known that

DNA molecules taken up by such activated pneumococci are exposed to the
action of several types of nucleases during the process of transformation
and it has been proposed that surface-located nucleases are actually com-
ponents of a DNA recognition and transport system in these bacteria (2-6).
In an attempt to obtain genetic evidence for this attractive model, Lacks
and his colleagues have isolated mutants that showed no zones of DNA
hydrolysis when plated on methylgreen-DNA agar ("noz" mutants, 7). Ly-
sates of such mutants were shown to have very low levels (less than 1%
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of wild type) of endonuclease activity and mutant cultures would only
transform poorly, while still capable of adsorbing DNA to the cell sur-
face (7). Endonuclease defect and poor transformability were found to
co-transform in transformants selected for the noz phenotype. It has
been suggested that endonuclease functions as a ''DNA translocase' in
genetic transformation (6); in this model endonuclease-defective mutants
would be capable of attaching DNA to normal receptors while the subse-
quent (transport) stage would be defective.

In an independent and parallel line of investigations using direct
biochemical techniques, putative DNA receptors have been isolated from
competent pneumococci (9,10). It seemed that the use of mutants blocked
at a stage beyond DNA adsorption might offer important technical advan-
tages for the purification of such, hypothetical DNA receptors. For this
reason, we isolated several noz-type mutants, following the technique
described by Lacks and Greenberg (11). Upon closer examination of 7 of
these mutants, (isolated as clones showing no zones of DNA hydorlysis
on methylgreen-DNA agar) we have come to the conclusion that at least
in this set of mutants the correlation between endonuclease defect and
low transformability may be fortuitous and in this communication we

describe the observations upon which this conclusion is based,

Materials and Methods, Bacterial strains: the wild type (R6) pneumo-
cocci used are derived from the Rockefeller University strain of Strepto-
coccus pneumoniae (R36A)., A ruclease-defective mutant (endl exo2) (11)

was kindly provided by Dr, Sanford Lacks (Brookhaven National Laboratories,
Upton, N.Y.). This mutant was the parent of the noz mutants, isolated and
selected according to the methods of Lacks and Greenberg (11). Bacteria
heavily mutagenized by ten consecutive treatments with nitrosoguanidine -
were plated on agar medium containing DNA and methylgreen and seven clones
that showed no detectable zones of decolorization after 4 days of incubation
(at 37°C) (noz mutants 2 through 8) were picked and used in the experiments.
All the mutants grew with normal generation times in the synthetic and semi-
synthetic media (12,13). Published procedures were used for the assays

of bacterial growth, viability and transformants (13,14) and for the prep-
arations of activator and DNA (15). Spent growth media were separated

from the bacteria by centrifugation at 10000 x g when the cell concentra-
tion reached 7.5 x 107 viable bacteria per ml; the supernatants were stored
at -70°C. Activator treatment was done in the following manner: 0.8 ml of
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fresh or spent medium was mixed with 0.1 m! of bacterial suspension (con-
taining a total of 10° to 107 viable cells) plus 0.1 ml of activator (100
to 500 units; ref. 15). After incubation at 30°C for 20 min, DNA was
added (usually 0.1 ng per ml) and the incubation continued for 20 min
more. At this time, 0.2 ml of the suspension was diluted into 6 ml fresh
C-medium containing yeast extract (Difco; 0.2% final concentration) and
pancreatic DNase (Worthington, 2x crystallized) and the suspension was
incubated at 37°C for 90 min; the number of viable cells and the number
of streptomycin resistant transformants was determined.

Determination of spontaneous DNA binding, uptake and transformability.
The method of Lacks and Greenberg was used. Mutant and wild type cultures
(10 m1) were grown in C-medium supplemented with albumin or with albumin
plus yeast extract (12). At a cell concentration of 5-7 x 107 colony
forming units (cfu) per ml, the entire culture was transferred to a 30°C
bath for 20 to 40 min to allow optimal expression of competence (6).

After this period, 0.1 ml portions were diluted into 1.0 ml fresh, 30°C
medium containing transforming DNA (0.1 ug per ml, streptomycin resistance
marker) and after a further incubation of 10 min, deoxyribonuclease (DNase)
was added to terminate transformation. Another portion of the 30°C pre-
incubated culture was used to determine DNA binding and uptake: 4 ml of
bacteria were incubated with DNA (1.4 ug and 2.5 x 102 cpm per ml) at 30°C
for 20 min. The suspension was divided into two portions (2 ml each);

one was treated for 5 min at 30°C with 5 ug/m! DNase and then washed 3
times with medium (C pH 8 + alb) (by centrifugation at 8000 rpm for 5 min
in the cold), Final pellet was suspended in 1 ml medium and 1 ml portion
was pipetted into cold 10% CC1,C00H (2 ml). The precipitate (after 20

min at 0°C) was collected on a"glass-fibre filter and washed 3 times with
CC1,C00H to determine ''DNA uptake'.

The other portion was immediately centrifuged, washed, and precipi-
tated with cold CCI3C00H to determine "Total DNA bound'. Medium containing
10 mM EDTA was used during washings. Total nuclease content of bacteria
was determined using the method d$scribed by Lacks (7} - 10 ml cultures
at cell concentration of 7.5 x 10’ viable bacteria per m! - were harvested
by centrifugation; the cells were lysed by incubation in 0.2 ml of 0.1%
Triton X-100 solution (0.1 M Tris (pH 7.6) - 0.001 M MgCl, - 0,0015 M
2-mercaptoethanol) at 30°C for 15 min. The lysates were gi]uted by the
addition of 1.8 ml Triton-free buffer and -if necessary- stored at -20°C
before use. Nuclease assays were carried out at 30°C in total volumes

of 2.0 ml, containing 900 ul buffer (0.05 M Tris HC! pH 7.6 - 0.04 M NaCl -
0.0015 M MgCl, - 0.04% Triton X-100); 100 ul bacterial extracts and 100 ul
3H-oNA (1.4 ug): in order to determine the RNA-inhibited endonuclease
activity, parallel samples also recieved 20 ug per ml RNase A, At sam-
pling times, 200 ul portions were pipetted into 200 ul cold, 10% trichlo-
roacetic acid and 20 ul of 4% albumin was added as carrier. The precip-
itated DNA was removed by centrifugation (10000 x g, 20 min) and 100 yul
portions of the supernatants were assayed for soluble radioactivity - in

5 ml of Biofluor solution (New England Nuclear Corp., Boston, Mass.),
using a scintillation spectrometer (Searle, Mark 11). A unit of nuclease
was defined as the activity capable of hydrolyzing 1 pug DNA to an acid
soluble form in 1 hour at 30°C. Protein concentration of the bacterial
extracts was determined by the method of Lowry (16).

Results. Table 1 summarizes the properties of 7 pneumococcal mutants
isolated on the basis of their inability to form zones of DNA hydrolysis

around the bacterial colonies plated on methylgreen-DNA agar plates {(11).
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In confirmation of the findings of Lacks and his colleagues, all the
mutants exhibited low levels of endonuclease activity in deoxycholate {(DOC)
lysates; during growth in liquid cultures, mutant cultures developed the
capacity to bind radiocactive DNA, but genetic transformation by the mutants
was only a fraction (0.1 to 0.0001) of that of parental cultures grown
under the same conditions.

Our novel finding documented in column e of Table 1 is that the
defective transformability of each one of the mutants could be corrected
by treating the bacteria in fresh medium with activator prepared either
from wild type - or, from noz mutant bacteria. The same findings were
also reproduced in a transformant (NN 33) obtained by treating competent
parental cells with DNA prepared from a noz mutant (noz 3) and selecting
for noz transformants (not documented). Activation to normal {wild type)
levels of transformability was also demonstrated using electrophoretically
homogeneous wild type activator.,

Table 2 demonstrates that the treatment with activator in fresh
medium did not cause a detectable increase in the endonuclease activity
of lysates of the activated bacteria,

These observations suggested that noz mutants may liberate into
their growth media (an) inhibitory factor(s) that interferes with normal
activation, Results illustrated in Figure 1 indicate that this is the
case: culture media of noz mutants collected at the time when the cells
exhibit maximal DNA binding capacity inhibit activation of both noz
and wild type (endonuclease positive) pneumococci to competence. The
inhibitory factor(s) may be neutralized by dilution and this factor(s)
has no effect on the genetic transformation of already competent cells
(i.e. bacteria - either noz or wild type - that have been pre-treated
with activator in fresh medium and then transferred to spent medium
during exposure to DNA) (Table 3). Table 3 documents several additional

observations. The abortive activation in the spent medium of noz cells
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Figure 1. Titration of the inhibitory activity of spent media from
cultures of noz 3 and wild type pneumococci.

Ten ml cultures of the noz and the R6 strains were qrown in C pH 8
medium at 37°C. At the cell concentration of 7.5 x 107 viable bacteria
per ml, cells were removed by centrifugation and the supernatant spent
media were used as suspending media for the activation of physiologically
incompetent R6 cells to competence. Incompetent R6 culture was grown in
the C medium at pH 6.6; 100 ul of cells (2.5 x 10° viable bacteria) were
pipetted into 900 ul of spent media - or into spent media prediluted to
various degrees with fresh C pH 8 medium-. Each tube recieved 100 ul
of activator and was assayed for the induction of transformability, as
described in the Methods. Spent medium of wild type (R6): dashed line;
spent medium of mutant: solid line.

leads to the development of DNA binding capacity of both noz and the
parental (endl exo2) pneumococci in a process that appears to have the
same requirements as activation to '"full'' competence, i.e. low pH and
trypsin inhibit the appearance of binding capacity. DNA adsorption
without DNA uptake could also be demonstrated by treating physiologically
incompetent wild type (R6) pneumococci with activator in the spent medium
of noz cells {Table 4). Cells activated in spent medium may develop incor-
rectly located receptors, Alternatively, DNA attached to such receptors
may be damaged in such a manner that it can no longer be transported,

The chemical nature of the inhibitory factor(s) is unknown. At
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least part of the inhibitory activity could be neutralized by dialysis
against fresh medium and readjustment of the somewhat acidic pH to a
value around 7 - 7.2 (not documented). Figure 1 suggests that the inhib-
itor(s) is also produced by wild type bacteria but at cell concentrations
higher than that of noz cultures. Wild type pneumococci have been known
to liberate (an) activation inhibitory factor(s) into the growth medium
at a time past the peak of spontaneous competence of such cultures {17).
It is concievable that the same inhibitor(s) is released prematurely in
the mutant bacteria.

It is important to emphasize that all the aberrant features of the
transformability in noz mutants could be reproduced using wild type cells
resuspended in the spent culture medium of the mutant bacteria. Thus,
defective transformability of the noz mutants seems to be related to an
abnormal, abortive activation in the presence of inhibitory factor(s)
rather than to the low endonuclease levels.

Further studies on the chemical nature and mechanism of action of
the filtrate inhibitor(s) may give important insights concerning the

mechanism of action of the activator protein.
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