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A procedure for the isolation and purification of competence factor produced
in a defined medium by group H streptococci, strain Challis-6, is presented.
Partial characterization and chemical analysis of the product are described.
The procedure yields competence factor of high purity, as shown by homoge-
neity in electrofocusing, by electrophoresis in sodium dodecyl sulfate polyacryl-
amide gels, and by chemical analysis. The data indicate that competence factor
is a small, dialyzable, highly basic compound. It is free from lipids, phosphorus,
and carbohydrates, and is colorless and thermoresistant. Its biological activity
is destroyed by trypsin but not by deoxyribonuclease, ribonuclease, lipase, or

lysozyme. Its high isoelectric point of above pH 11.0 suggests that competence
factor may be a protamine or a polymer of basic amino acids. The possibility
that a polyamine may be an integral part of the polypeptide molecule has not
been excluded.

Group H streptococcus strain Challis pro-
duces exocellular competence-inducing factors
(CF) in complex media (16, 18) and in defined
media (9). The addition of CF to cells of the
nontransformable Streptococcus H strain
Wicky makes them competent, as detected by
their subsequent transformation to dihydro-
streptomycin resistance. This induction of
noncompetent cells into the competent state
requires protein synthesis for its realization (9,
15, 22). CF that acts similarly has been dem-
onstrated conclusively in only one other spe-
cies of bacteria, namely, in Diplococcus pneu-
moniae (24). The requirement for protein syn-
thesis by these competence factors distin-
guishes them from other competence factors
described (21). Although streptococcal and
pneumococcal competence factors have been
studied intensively, their chemical nature and
modes of action are not known (21).
We recently reported CF production by non-

competent Challis cells in a defined medium
(9). The availability of this defined medium for
CF production by noncompetent cells was es-
sential for CF purification as well as for our
studies on its mechanism of action. This report
presents procedures for the isolation and puri-
fication of CF from culture supernatant fluids
of strain Challis-6 grown in this defined me-

dium. It also presents a partial characteri-
zation and chemical analysis of highly purified
CF.

MATERIALS AND METHODS
Organisms. Strains Challis-6, SBE:12, and

Wicky of group H streptococci were used. Strain
Challis-6 was employed for CF production in MS6-F
medium, SBE: 12 resistant to 2 mg of dihydro-
streptomycin/ml served as a source of deoxyribonu-
cleic acid (DNA). Strain Wicky is a nontransform-
able strain which requires the addition of CF for
transformation and, therefore, was used to measure
CF activity (9).
Media. The compositions of the media used were

as previously described (9). These media are defined
medium MS6, for growth of Challis-6 cells, and de-
fined medium MS6-F, for CF production (with the
modification of tyrosine content to 2 mg/liter). In
addition, Brain Heart Infusion broth (Difco) rein-
forced with 2.5% heat-inactivated horse serum (BHI-
HS) was used for growth and transformation of
strain Wicky.
Procedure for CF production in MS6-F me-

dium. Details for CF production and all other mate-
rials and methods used, including the determination
of CF biological activity by induction of Wicky cells
into the competent state, were previously described
(9).
CF biological activity. CF biological or trans-

forming activity is defined as the amount of CF
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"protein" (as Lowry positive material) required to
transform over 2 x 106 cells of strain Wicky when 108
recipient cells are used in a 1-ml final volume. CF
purification was based on the least amount of "pro-
tein" material required to obtain over 2 x 106 trans-
formants per ml.

Analytical methods. Proteins were determined
either by the method of Lowry (10), with bovine
serum albumin as a standard, or by the spectropho-
tometric method (at 260 and 280 nm) of Warburg
and Christian (29). Nitrogen was measured by the
Johnson modification of the Nessler reaction (8).
Carbohydrate tests were performed by the method of
Colombo et al. (3) with the use of paper chromatog-
raphy. Amino acids analyses were determined in a
Hitachi-Elmer-Perkins KLA-3B amino acid analyzer
through the courtesy of Jules Gladner (National In-
stitute of Arthritis and Metabolic Diseases, B.e-
thesda, Md.). Phosphorus was determined as de-
scribed by Chen et al. (2). Samples for lipid analysis
were subjected to thin-layer chromatography on rep-
licate silica gel plates (uniplates, Analtech Inc., Wil-
mington, Del.) for 100 min with chlorform-methanol-
water (65:25:4) as the solvent. Lipid spots were de-
tected by spraying the dried plates with a solution of
anisaldehyde-glacial acetic acid-sulfuric acid (1:97:
2) followed by heating at 100 C for 20 min (20). Rep-
licate thin-layer plates were sprayed for phospho-
lipids (5) and for glycolipids (28). In addition, an-
other replicate plate was chromatographed and air-
dried, and 1 cm square sections of the silica gel were
tested for CF activity. Equivalent amounts of chro-
matographed silica gel did not affect known CF ac-
tivity.

Electrophoresis techniques. Polyacrylamide gel
electrophoresis was performed essentially as de-
scribed by Davis (4) on 7% gels. Tris(hydroxymethyl)
aminomethane (Tris)-glycine buffer (pH 8.6) was
used with no stacking gel (4.5 ma/75 by 6 mm tube
were used). The gels were stained with 0.25% Coom-
assie Blue; duplicate sample gels were sliced into 1-
cm sections, and the gel sections were assayed di-
rectly for CF activity. Efforts to elute CF from the
gel were not successful, but the use of the piece of
gel directly in transformation tests gave satisfactory
results for CF activity. In addition, CF homogeneity
was tested by acrylamide gel electrophoresis after
treatment with sodium dodecyl sulfate (SDS) as
described by Maizel (11) and detailed in the text.
Electrophoresis on cellulose acetate was performed
by use of 2.5 by 17 cm strips (Schleicher and Schuell
Co., Keene, N.H.) in a Gelman Chamber (Gelman
Instruments, Ann Arbor, Mich.); sodium barbital
buffer (0.05 M, pH 8.6) or glycine buffer (0.05 M, pH
10 or 10.6) was used. As a rule, 1.5 ma were used per
strip. The strips were stained overnight with 0.0025%
solution of nigrosin in 2% acetic acid. Again, since
CF was difficult to elute from the paper, its electro-
phoretic mobility was determined by testing 1-cm
sections of the strips directly in transformation tests.
CF was tested by electrophoresis on cellulose acetate
before and after SDS treatment as described above.

Electrofocusing. The principle and application of
this method have been described (27). An electrofo-

cusing column (LKB 8101) of 110 ml capacity and
1% carrier ampholite solutions were used (LKB In-
struments Inc., Sweden). The ampholytes were se-
lected to give a pH gradient between pH 3 and 10 or
between pH 7 and 10. The CF sample was used to
replace 4 ml of the less dense sucrose solution in two
tubes of the middle fractions. A stepwise sucrose
gradient was arranged from 0 to 50%. The cathode
electrolyte solution was placed at the top of the
column. Electrofocusing was performed for 40 to 60
hr with a final potential of 600 v at 6 C. Fractions of
2 ml were collected manually from the top of the
column. The pH of each fraction was measured at 6
C. The CF biological activity was tested for directly
by use of 0.2 ml (or a dilution thereof) from each
tube. The ampholytes did not influence the biolog-
ical activity of CF.

RESULTS
CF production and isolation from MS6-F.

CF was produced by Challis-6 cells in MS6-F
medium and isolated as detailed in Fig. 1. It
was found that the culture supernatant fluids
must be adjusted to about pH 6.1 prior to sat-
uration with (NH)2SO, if maximal precipita-
tion of the small amounts of CF was to be ob-
tained. At pH values below pH 5.0 or above
pH 7.5, CF recovery was poor. As a rule, 5 mg
(dry weight) of crude CF (3 mg of Lowry posi-
tive material) was obtained.
CF purification. Figure 2 presents the CF

purification procedure developed. The proce-
dure was divided into three steps, and the
product obtained after each step was analyzed.
Step 1. The (NH4)2S04 precipitates from

about 100 liters of culture supernatant fluids
were partly solubilized at pH 9.0 with stirring.
Most of the CF was complexed with impurities
and precipitated out of solution at pH 3.5. By
repeated precipitation at pH 3.5, many impu-
rities were removed, such as (NH4)2SO0 and
1 liter of MS6-F/1-liter flask at 37 C

5% inoculum of Challis-6 cells

Incubate, 65 min.
I Remove cells (8,000 x g, 20 min)

Culture supernatant fluids
I pH 6.1 with HCI

Solid (NH4)2SO4 to 100% saturation
I 4 C, 20 hr (precipitate not visible)

Collect the precipitate by filtration (0.45 gm pore
size Gelman cellulose acetate filter)

I
Precipitate is dissolved in 10 ml of dilute NaOH (pH

8.6) and stored at - 20°C.
FIG. 1. Competence factor production and isolation
from MS6-F medium.
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Step 1 Pool (NH4) 2SO4 precipitates from 100-
liter culture supernatants

Dissolve in 900 ml of water
Adjust to pH 9.0 and stir solution

Adjust solution to pH 3.5 with HCl
in ice bath
30,000 x g, 30 min

Precipitate concentrated CF
I wash precipitate lx with CHCI,, 2x

with 70% ethanol

Dissolve precipitate in 200 ml of water
Adjust to pH 9.0

Repeat pH 3.5 precipitation and 70%
ethanol washing 5x (step 1 product)

Step 2 Dissolve pH 3.5 precipitate in 100 ml of
water, adjust to pH 9.0

brown solution

Adjust solution to pH 2.0 (HCl)
I 60 C, 20 min
30,000 x g, 30 min

CF in pH 2.0 supernatant
I yellow clear solution

Extract pH 2.0 precipitate 3x with 0.01 N
HCl I

Pool pH 2.0 supernatants and lyophilize
(step 2 product)

Step 3 Lyophilized step 2 product

Extract dry product 3x with 10 ml of
I cold absolute methanol

Bulk of CF in methanol

I
Remove methanol by evaporation under

flowing nitrogen
I

Dried CF is dissolved in 0.01 N HCl
Add equal volume of 15% trichloroa-

cetic acid
React for 30 min
30,000 x g, 30 min

CF in trichloroacetic acid precipitate (im-
purities and yellow color trichloroacetic
acid-solubl )

Dissolve precipitate in 0.01 N HCl
I

Repeat trichloroacetic acid precipitation 3x
I

Trichloroacetic acid precipitate is dissolved
in water and adjusted to pH 7.0 with
NaOH

Place CF in column (Sephadex G-25,

I fine, at pH 7.0)
CF held by Sephadex at pH 7.0

I
Wash column with 5 void volumes of dilute
NaOH, pH 7.0

Elute CF with 0.01 N HCl

Lyophilize final product (step 3 product)

FIG. 2. Purification of competence factor (CF).

medium components. In addition, by washing
the CF complex (pH 3.5 precipitate) with cold
chloroform and then with 70% ethanol, mate-
rials soluble in these solvents, such as some
lipids and carbohydrates were removed.
Step 2. The washed brown precipitate was

dissolved at pH 9.0, and the solution was then
adjusted to pH 2.0 with HCl and heated at 60
C for 20 min. This treatment solubilized most
of the CF, and the bulk of the brown precipitate
remained in the precipitate. The brown precip-
itate was re-extracted three to five times at pH
2.0 followed by the treatment at 60 C. The pH
2.0 supematant fluids were pooled and lyophi-
lized.
Step 3. The lyophilized CF product was

then extracted three times with 10 ml of cold
absolute methanol. The bulk of the CF activity
was methanol-soluble, whereas significant
amounts of impurities remained insoluble. The

CF methanol solution was dried by vacuum
distillation under flowing nitrogen until all of
the methanol was removed. The dried CF, in-
soluble above pH 7.0, was dissolved in dilute
HCl (pH 2.0), and the CF was precipitated by
treatment with an equal volume of 15% tri-
chloroacetic acid at room temperature for 30
min. The yellow-colored material containing
impurities remained in the trichloroacetic acid
solution. The precipitate was dissolved in di-
lute HCl at pH 2.0, and the trichloroacetic
acid precipitation was repeated twice. The CF
after trichloroacetic acid treatment was further
purified by chromatography in a column of
Sephadex G-25, 1.5 by 30 cm (fine grade Phar-
macia Fine Chemicals, Inc., New York, N.Y.).
The column was prewashed with 0.1 N HCl
and then washed with dilute NaOH (pH 7.0)
until the eluate was neutral. The CF solution
was adjusted to pH 7.0 and applied to the
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column. At pH 7.0, CF was bound tightly by
Sephadex, and other impurities including
salts, trichloroacetic acid, and denatured prod-
ucts were washed off the column with five void
volumes of dilute NaOH, pH 7.0. The CF was

then eluted from the Sephadex with 0.01 N
HCl and lyophilized.
Table 1 shows the CF recovery after the var-

ious purification steps described in Fig. 2. The
procedure described yielded over 1,000-fold
purification of CF based on the amounts of CF
"protein" (as Lowry positive material) re-
quired to obtain maximal biological activity.
That is, the purest product obtained had a bio-
logical activity of 2 x 106 transformants/0.036
/g of "protein," as compared to 39 ug of "pro-
tein" in the crude material. About 2% recovery
of the biological activity was obtained based
upon per unit volume of the starting culture
supernatant fluid.
Table 2 shows a partial characterization of

CF after the three different steps in purifica-
tion. The highly purified step 3 product (the

purest to date) is colorless, is precipitated by
7.5% trichloroacetic acid at room temperature,
and is dialyzable. It is insoluble in chloroform
or ethanol but is soluble in absolute methanol.
Its biological activity is stable to heating at
100 C for 10 min at pH 2.0, but is less stable at
this temperature at pH 9.5. The highly puri-
fied CF remains in solution from pH 2.0 to
11.5. The biological activity of the step 1 and
step 2 products was destroyed by trypsin but
not by ribonuclease, deoxyribonuclease, lipase,
or lysozyme. Similar effects of proteolytic en-
zymes on cruder CF preparations were shown
by other investigators (6, 9, 25). In addition,
the biological activity of the final step 3 CF
product was also destroyed by trypsin. The
effect of the other enzymes will be tested on
the step 3 product when more material is
available.
Table 3 shows a partial chemical analysis of

CF after the three different steps of purifica-
tion. The final purified CF (step 3 product) is
composed of 90.1% "protein" (as Lowry posi-

TABLE 1. Purification of competence factor

Recovery from 1 liter of
culture supernatant fluids Biological activity"

Purification step
Dry wt Protein Prti A) Rcvyb%(mg/liter) (mg/liter) Protein(Jg) Recovery'(%)

Crude (NH4),SO4 precipitate.5.02 3.40 39.0 100
pH 3.5 precipitate (1x).1.80 1.01 26.0 72
Step 1 product: pH 3.5 precipitate and solvent
treatment (5x).1.20 0.85 5.3 65

Step 2 product: pH 2.0 supematant.0.40 0.36 1.0 28
Trichloroacetic acid precipitate 0.19 0.5 18
Step 3 product: pH 2.0 Sephadex eluate 0.02 0.036 2

a The biological activity is defined as the amount of competence factor protein (as Lowry positive material)
required to render into transformability over 2 x 106 cells of strain Wicky/ml.
bThe per cent recovery was based upon per unit volume of the starting culture supernatant fluid.

TABLE 2. Partial characterization of competence factor

Test performed Step 1 product (pH Step 2 product (pH 2.0 Step 3 product (Sephadex
3.5 precipitate, 5x) supernatant) pH 2.0 eluate)

Color of solution ................ Brown Yellow Colorless
Trichloroacetic acid precipitation Precipitated by 7.5% Precipitated by 7.5%

trichloroacetic acid trichloroacetic acid
Dialysis ........................ Not dialyzable Dialyzable Dialyzable
Heat stability, pH 2.0 ............ Stable Stable Stable
Heat stability, pH 9.5 ............ Stable Moderately stable Unstable
Solubility in:
Chloroform ................... Insoluble Insoluble Insoluble
Methanol ..................... Insoluble Soluble Soluble
Ethanol ...................... Insoluble Insoluble Insoluble

pH 2.0 ......................... Insoluble Soluble Soluble
pH 11.5 ........................ Soluble Insoluble Soluble
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TABLE 3. Partial chemical analysis of competence factor

Step 1 product Step 2 product Step 3 product
Analysis performed (pH 3.5 precipi- (pH 2.0 (Sephadex pH 2.0

tate, 5x) supematant) eluate)

Protein (Lowry positive material) ...... .......... 56.0% 71.1% 90.1%
Protein (OD 260 and 280 nm) NDa ND
Organic nitrogen .................. ............. 5.1% 9.3% 15.0%
Carbohydrates ................................. 12.2% 7.5% ND
Phosphorus .................................... 5.0% 2.6% ND
Lipids ...................................... 1.7% 0.2% ND
Ash . ..................................... 8.0% 5.8% ND
Bound amino acids .............. ............... 19 12b
Molecular weight.5,000
Electrophoresis bands in:

Acrylamide gel ............................... 6 1 1
SDS acrylamide gel.1
Cellulose acetate .............. ............... 4 1 1
SDS cellulose acetate.1
Electrofocusing .......................5 1

Electrophoretic mobility (pH 8.6)
Acrylamide gel ............................... None None None
Cellulose acetate ................. ............ None None None
Electrofocusing .............................. Basic Basic
PI (electrofocusing).>pH 11.0 >pH 11.0
Electrical charge (electrofocusing).Positive Positive

a None detected by methods employed.
b See text for list of the 12 amino acids detected in at least 0.002 jmole amounts per 1.00 Mimole of compe-

tence factor analyzed.

tive material) containing 15% organic nitrogen.
It has no absorbancy at 280 nm; therefore, it
probably contains no significant amounts of
aromatic amino acids. Amino acid analysis of
a small amount of the step 2 product showed
the following 12 amino acids (in amounts of at
least 0.002 ,mole per ,mole of CF analyzed):
aspartic acid, glutamic acid, threonine, serine,
alanine, glycine, valine, lysine, arginine, histi-
dine, leucine, and isoleucine. Tryptophan was

not tested. In addition, significant amounts of
ammonia were detected; thus, it is probable
that compounds such as asparagine or glu-
tamine may have been presented. When the
step 2 product was later subjected to electrofo-
cusing, at least five components were sepa-
rated. Hence, we may conclude only that the
factor itself contains no more than 12 amino
acids in significant amounts. Further work on

its amino acid composition will be performed
when sufficient amounts of highly purified
(step 3) CF are obtained.

Table 3 shows also that highly purified CF
contains no detectable phosphorus, lipids,
phospholipids, or glycolipids. In addition,
when duplicate silica gel plates chromato-
graphed in the same lipid solvent were air-dried
and 1-cm square sections were tested directly
for CF activity, the CF activity remained at the

origin. Therefore, CF is not soluble in this lipid
solvent.
Although glucose, galactose, and mannitol

were found in less purified CF (step 2), prelim-
inary chromatography tests for carbohydrates
were negative when the highly purified CF
(step 3) was tested by Colombo's method (3).
Future carbohydrate tests will be performed by
the more sensitive technique of gas chromatog-
raphy.
CF (step 3) has a molecular weight of about

5,000 or less since it appears to be included in
Sephadex G-25 when CF is applied to the col-
umns at pH 2.0 (at pH 2.0, CF does not seem
to bind to Sephadex). Also, the molecular
weight of step 2 product based on its amino
acid composition was 4,200. A similar molec-
ular weight for CF has been reported (13).
The data obtained by electrophoresis were

the most significant. The various electropho-
resis techniques used are described in Mate-
rials and Methods. First, CF electrophoretic
mobility could not be determined by acryl-
amide gel, cellulose acetate, or paper electro-
phoresis, since CF (including the step 3 CF)
binds to the origin when tested by these elec-
trophoresis techniques. Therefore, CF ap-
peared neutral at all pH levels tested (pH 4.5
to 10.6). Although CF binds very tenaciously to
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these substances, its location at the origin
could be detected by sectioning into 3-mm
sections the gels or the paper or cellulose ace-
tate strips and adding the sections directly to
transformation test containing Wicky cells and
DNA. In all tests performed, all of the biolog-
ical activity was found at the origin. By elec-
trofocusing, however, it was possible to deter-
mine both the purity and the isoelectric point
of CF. Table 4 shows a typical electrofocusing
run; a 1% solution of ampholine (pH 7 to 10)
with an initial average pH value of pH 8.6 was

used (see Materials and Methods for details).
With the step 2 product (pH 2.0 supernatant
fluid; Table 4), precipitates appeared at the
onset of the experiment since such CF prepa-
rations precipitate above pH 7.0 All of these
precipitates and yellow color moved toward
the anode at pH 8.6. Some CF activity was

bound or occluded with these precipitates, and
low levels of CF activity were found in most
fractions. At least five different visible bands
were obtained. These five visible bands or pre-
cipitates gave no absorbancy at 260 to 280 nm.

The same preparations had shown only one

protein band by polyacrylamide gel or cellu-
lose acetate electrophoresis (Table 3). As
shown in Table 4, the bulk of CF activity
moved into the pH 11.0 range (the cathode
solution) but was not detectable visually by
either color or precipitation. As shown in
Table 4, the step 3 CF gave no visible bands or

precipitate in the column. Also, none of the
fractions from the column gave absorbancy at
260 to 280 nm. Since all of the CF activity
moved into the cathode solution above pH 11.0
and out of the pH range of the ampholines, its
exact isoelectric point, which is above 10.0,
could not be determined. But it can be con-

cluded that CF is positively charged, is ex-

tremely basic, and has an isolelectric point
above pH 10.0 and probably above pH 11.0.
The step 3 CF appeared to be homogeneous

by electrofocusing, since no other substances
were detected in the column. We tested the
step 3 CF for homogeneity after treatment
with 1% SDS at 37 C for 2 hr or at 100 C for 2
min according to Maizel's method (11), using
both acrylamide gel and cellulose acetate elec-
trophoresis. In both cases, only one protein
band was detected (Table 3). This protein
band contained all of the CF activity. As ex-

pected, the CF after treatment with the an-

ionic SDS became negatively charged (30).

DISCUSSION
The extremely small amounts of CF pro-

duced by Challis cells, its apparent instability,

TABLE 4. Electrofocusing of competence factor"

Step 2 product" Step 3

Tube ~~~~~~~~~product"Tube pH CF Vsbe CF
Visible bands activ- Vsbeactiv-

ity~ bands ityc

1 12.41 None - None -

2 12.41 None - None -

3 12.40 None 2+ None +
4 11.97 None 4+ None 2+
5 11.85 None 4+ None 4+
6 11.67 None 4+ None 4+
7 11.20 None 2+ None 4+
8 11.00 None 2+ None 2+
9 10.83 None + None +
10 9.75 None + None +
11 9.59 None + None -

12 9.32 None + None -

13 9.27 Yellow band + None -

14 9.20 Yellow band + None -

17 9.15 Yellow band + None -

19 9.02 Yellow band + None -

20 9.01 Precipitate + None -

22 8.84 Precipitate + None
24 8.60 None + None -

26 8.40 Precipitate + None -

28 8.12 Precipitate + None -

30 7.70 Precipitate + None -

32 7.12 None - None -

34 6.50 Brown band - None
36 6.33 Yellow band - None -

40 1.60 None - None -

50 1.60 None - None -

a LKB ampholine, pH 7 to 10 (1% solution), was
used with the cathode as the upper electrode.
Column was emptied from the top, and 2-ml sam-
ples were collected per tube.

b A 4-ml amount of either step 2 product (after pH
2.0 heat extraction) or step 3 product (Sephadex pH
2.0 eluate) was used. The CF was placed in the
middle of the column during the manual preparation
of the sucrose gradient.

c Competence factor activity was measured from
+ to 4+ with increasing activity and negative (-) if
no activity was detected with up to 0.2-ml samples.
The ampholytes did not influence the biological ac-
tivity of competence factor.

and the strong tendency of CF to absorb to
some proteins, glass, cellulose, Sephadex, ac-
rylamide gel, and other chromatographic mate-
rials have long hampered its purification and
identification.
This study was directed to the development

of conditions for the isolation and purification
of CF produced by Challis-6 cells in defined
medium. The procedure described here yields
CF of very high purity, if not pure. This report
also presents the first extensive characteri-
zation and chemical analysis of the highly pu-
rified CF.
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The most significant finding was its ex-
tremely high isoelectric point of above pH
11.0. The fact that the purified CF has such a
high isoelectric point, that it is sensitive to
trypsin, that it is precipitable by trichloroa-
cetic acid, and that it lacks detectable
amounts of sulfur-containing amino acids sug-
gests the possibility that CF maybe a prot-
amine or protamine-like compound rich in ar-
ginine or lysine, or both. CF is unlikely to be a
free polyamine, since it is precipitated by tri-
chloroacetic acid and is sensitive to trypsin.
However, a polyamine could be a part of a
larger macromolecule, with a peptide acting as
a carrier for the polyamine.

Since the chemical nature of CF remains
uncertain, we based its purification on the
least amounts of CF "protein" (as Lowry posi-
tive material) required to obtain maximal bio-
logical activity. Since other compounds beside
proteins react with the Folin phenol reagent
(10) and, moreover, purified CF showed no
absorbancy at 280 nm, we define CF "protein"
in terms of Lowry positive material. Therefore,
until sufficient amounts of highly purified CF
are analyzed for amino acids, and an organic
nitrogen, amino nitrogen, and dry weight bal-
ance are obtained, the final characterization of
CF cannot be made. Studies along these lines
are in progress.
Once CF is finally characterized, studies on

its mechanism of action can be approached in
a more comprehensive and meaningful
manner. Nonetheless, the fact that CF is such
an extremely basic compound suggests several
possible roles, such as altering the bacterial
surface charge, as well as affecting other proc-
esses required to bind the highly acidic DNA
irreversibly at the membrane level.
Evidence for an initial effect on the cell sur-

face charge after the binding of exogenous CF
to cells exists. Pakula et al. (17) showed a de-
crease in the ability of cells to adsorb meth-
ylene blue after CF adsorption and compe-
tence development. Similar results were ob-
tained with competent Bacillus subtilis cells
by Jensen and Haas (7). This modification of
the negatively charged cell wall should make
the cell more receptive to the reversible
binding of exogenous DNA. The location of the
receptor site for the initial and reversible
binding of CF is not known. It may be at the
cell wall level or possibly at the membrane
level, as described by Ziegler and Tomasz for
pneumococci (31). The initial CF-cell binding
does not require protein synthesis in either
pneumococci (31) or streptococci (Leonard,
unpublished data). But it is known that exog-

enous CF, after its binding to the cell, induces
synthesis of new proteins, and that these pro-
teins are required for competence development
(9, 15, 22). The nature and role of these pro-
teins are not known. It is possible that one of
the induced proteins is the autolysin described
by Ranhand et al. (19). Another protein in-
duced by CF is a structural competence-spe-
cific protein described by Pakula et al. for
streptococci (17) and by Tomasz and Zanati
for pneumococci (26). It is possible that this
structural protein or some other protein in-
duced by CF may be the irreversibly binding
receptor site for CF itself at the membrane
level. This cell membrane-CF complex may in
turn function as the protein receptor site for
irreversible binding of DNA at the membrane.
Such a DNA-binding protein has been de-
scribed by Alberts and Frey in T4 bacterio-
phage-infected cells of Escherichia coli (1).
These investigators showed that this DNA-
binding protein is also involved in DNA replica-
tion and genetic recombination. That mem-
brane-bound CF may be the DNA receptor site
has been suggested by other investigators from
data obtained with antiserum to competent and
noncompetent cells in both streptococci (14,
27) and pneumonococci (12, 23, 25). The con-
cept that CF may be an integral part of the ir-
reversible binding site for DNA on the mem-
brane is further reinforced by our present find-
ing that CF is such an extremely basic com-
pound. Studies on the identification of such a
DNA receptor site are in progress.
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