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Transformation systems Involving two types of transformable mutants
of Sacillus licheniform!s 9945A were coapared. Each system reqirt2! its
specific growth medium but a single transformation uedium could be used
for both. Cells from a culture of optimum age developed competeuce during
incubation in a completely synthetic transformation medium. With each
system I tb 5% of the recipient cells were transformed upon exposure to
wild-type DNA for 2 to 3 hours. When competent cells were exposed to DNKA:
for 30 minutes, I to 2% of then were transformed. The diat arc interpreted
to mean that cells were heterogeneous with respect to development of com-
petence, and when properly grown cells were incubated in transformation
medium, some of then gained competence while others loot it. If DNA wss
present during the entire period, the cells were transformed as theyI became competent an the transformants accumulated. However, during
any ohort period of exposure to DNA only those cells that were competent
at the time were potential transformants. The high frequenctea of trans-
formation obtained in these studies made it feasible to prepare sarked
strains by transforming markers into recipient cells. These experiments
demonstrated that the characteristics of the two transformation systems
could not be attributed to specific nutritional markers. Presomably
each of the two series of highly transformable auxotrophic mutants also
carried at least one other mutation ehat resulted in development of
competence under the specific conditions.

Ir
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1. INTRODUCTION~

Using a screening procedure based on the or urrence of transformation
from auxotrophy to 7rototrophy on minimal *gar ;late., Owinn and Thorne'
shoved that certain mutats derived from Baci1j11s licheniformis 994/5A were
transformable when grown under the test conditins employed. One of thesemutants, M28 fj -ne), wa studied furt.her an d someo factors affecting its
transformtioo were investigated, although und the btst conditions only

about Id2 of the recipient cells trarsformed.I The parent wild-type
strain produces large amounts of glutamyl poly eptide when grown appro-
priately, and on minimal agar plates it produc s mucoid colonies
(pi eI". The mutant M28 was rough. (pepcide and with appropriate
deoyribonucleic acid (DNA) it could be transformed to Ztptide+ as well
as to prototrophy. The rough character of H28 'as related to its ability
to be transformed, because ul-cin. petLide+ s rains prepared by trans-
forming M28 to 2W4tde+ were much ler susceptible to transformation to
alygin than th original M28.

Using the sa screening procedure employe by Gwinn and Thorne, f

Leonard et al. also found certain mutants to be transformable when
grown under approriate conditions. These work ers confirmed the findings
that the ability to synthesize glutamyl polypekide is a transformable
characteristic and that mucoid auxotrophs (pept.de+) transformed much
less readily than rough auxotrophs (peptide ). In a more recent report
Leonard and Mattheis described improvements in the transformation system
they developed and reported the isolation of colonial variants that
transfermed at higher frequencies than the origiaal isolates.

Our present report gives improved conditions for transformation
of thc original M28 mutant and describes the isolation by a procedure
different from tha$ described by Leonard and Mattheis, 4 of derivatives
of M28 that transform at greater frequenciee. Included also are rasults

i ~ of studies in which the conditions for transforming the H28 series of
J mutants, referred to here as the M28 system, were compared with the dif-

ferent conditions that were decribed for.' transforming the mutants iso-
lated by Leonard iand a sttheie. M18 was chosen as being typical of their
mutants and this system w, 1 1 be referred to as the MI8 system. The two
systems arose as a repult of the fact that different mutants require
different conditions for growth of cells capable of developing competence.
An attempt is made to bring together in one place the essential features
and procedures of beth systems to facilitate the use of j. licheniformis
transformation by other workers who may wish to use it as a tool in
genetics studies.

L



11. )%ATERALS AND METHODS

A. ORGANISM

'Xhe vild-type prototrophic #train was p., 1icheniformis AT=, 9945A.
All the mutants were derived from 9945A and they are listed and described
in TAble 1.

TA3BI.E 1. DESCRIPTION OF ~.LICENIORS 995A UTAIFTS11

Designation Description, Originp or Reference

WS8 &1 by WV irradiation of 9945A.1

M28-RT Prototrophic tranuformant of M8
M28 RT=2 /sef, by UV irradiation of M28-R Tbe4

)128-T-MO-RT Prototrophic transformant of M28-RT-M20.

M2$-RT-M20-RT-T4 derived by transforming hid- marker of
end )128-D14-3-RT -M into K28-RT-K20-RTj

K28-RT-N20-Dl adD5 Bill er his", drvdbtranomng h_ marker
of HZS-D14-3-RT-M8 into M28-I2T-KWO.{

M28-RT-M20-RT-TlO a(r, derived by transforming ad' marker of M17
into ?12-RT-M20-RT.

M28-D14-3 leur Zjj transformant of M28-D14 (~j~ &if
of Ovixm and Thorne.

M28-D14-3-RT Prototrophic transformant of M28-D14-3.
X28-D14-3-RT-Mh( by.UT irradiation of M28-D14-3-RT.
)117 a(p coloni~al type TI transformabl.e mutant

described by Leonard and )lattheis.'

M18~or (, cvlonial type 11 transformable mutant ___

V described by Leoiiard and -Mtthe-ii;

N Il8-Dl ISC L, derived by transforming aL4 marker of
M17 into X18.

a. Abbreviatiors: 11, glycine; j,1/e glycine or serine; his.
histidine; ad., adenine; leu lecn;ar arginine; UV. ultraviolet
light; K, mutant; T, transformant; RT, rough prutotrophtc transformant;
D), doubly atzxotrophic. All the mutants listed were rough, ,i.e.
ipitide.
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B. MEPIA -I

Most of the mcdia used in the transformation experiments are listed in
T eble 2. Miniml 10 was minimal 1 supplemented with L-alanine, D-val-ne,L-leucine, L-1soleucine, L-nerine, and L-threonine, each at a concentration 1

of 320 mg/liter. We de, eloped this medium for Bacillue cereus but it was
shown to give good recovery of P. licheniforias transformants. Trans-
formants grew faster o i than on minimal I and therefore it was often
used with auxotrophs not requiring any of the six supplemental amino
acids. NBY medium was composed of 8 g of Dico nutrient broth and 3 g
of Difco yeast extract per liter. Triple distilled water was used to
prepare all media. Solid media were prepared with 15 to 20 g of agar
per liter.

In preparation of minimal I and minimal 10 ajar all the constituents
except FeCl 3, glucose, and agar were autoclaved together at doubie strength,
and equal volumes of this and sterile double strength molten agar were
combined. FeCl 3 and glucose were always added aseptically. When it
was necessary to add supplements to minimal agar in order to score
transforaants they were added aseptically in the following amounts (in
mg/ml); glycine, 1.0; -3ther amino acids, 0.03; adenine sulfate. 0.03;
Difco casmino scids, 1.0 or 0.1 as indicated.

NBSG-X broth was prepared by dissolving the phosphates and (NH4)2S04
in about one-half the final volume of water, adjusting the pH to 8.0 with
Na0H, adding this solution to a second solution containing the nutrient
bri-th, MSS04, and sodium citrate, and alding water to make a fiunal volume
of I liter. The medium was sterilized in 100-ml portions in 250-mi flasks
and just before inoculation the following were added to 100 ml: 0.5 ml
of FeCI 3'6F20 (8.0 mg/ml), 0,1 ml of MnSO 4.H20 (2.5 mg/ml), and 2.0 ml of
glycerol (250 mg/ml). The desired amount was then transferred to a
sterile flask.

In prep&ration of the other media listed in Table 2, NBSG, TM, BLSG,
and BL, the following constituents were sterilized individually and added
aseptically* FeCl3, MnSO4, CaCI 2 , NaCI, L-tryptophan, glucose, glycerol,
and hydrolyzed casein.

C. CULTURAL CONDITIONS

Spores were produced in potato extract medium as described by Thorne. e

Cell& for transformation were grown in the appropriate broth if Erlenmeyer
flasks inoculated with 1 x 107 to 8 x 0v spotes per flask and incubated
on a reciprocal shaker (5-cm strokZ, 100 excursicnn per min). With BLSG
medium the recommended procedurea' of using 50 ml in 500-mI flasks was
always followed and with NBSG-X, unless otherwise stated, 25 ml were used
in 250-ml flasks. The incubation time for cultures was usually 18 hours
but this varied in some experiments and the exact time is always given with
the results. Vieble cell counts were done by diluting cells in peptone
(1% w/v) and spreading 0.1 ml on NBY agar plates. ALl incubations were
at 37 C.
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t I
D. TRANSVOM.ATION

All transformatlens were carriud out in a final volume of I ml in test
jtubes (18 x 150 mm) incubated in a santed rosition or the shaker (describe-d

abyve) at 37 C. After the desired incubation time, 0.05 ml (50 Pg) of
deoxyribonuclease (once crystallized, Worthington Biochemical Corp.,
Freehold, N.J.) was added and incuoation was continved for 15 minutes.
In experiments witb the H28 series of mutants one of the following two
procedures was used: (I) one-tenth ml of culture was added to 0.8 ml
of TM broth in a tube und 0.1 ml of DNIA was added as desired, either at
che beginning tf the experiment or after CuiLable periods of incubation.
(ii) Cultures were diluted t:10 or more in T broth and 25 ml were
incubated in a 250-mi shaken flask. At the desired times 0.9-ml samples
were removed to tubes with 0. 1 ml of DNA. In experiments with Mi8 and
M18-DI, cultures were diluted about 1:20 in EL broth; 25 ml in 230-mi
flasks or 0.9-ml samplen in tubes were incubated with shaking. After
the desired periods of time 0.1 ml of DNA was added to 0.9 ml of cells.
Since details of the Lransfo.-tation procedure varied sowswhat from one
experiment to another the exact procedure is alvays given with the
results. In all the experiments reported bere the linal concentration
of DNA in transformation mixtures was 32 pg/ml; this amount was shown
to be en excess.

For scorinjg transformants samples were diluted in the same kind of
broth used in the traasformation rixtures and plated on the appropriate
minimal agar. TransforrmntA of M28 were conveniently scored on minimal
agar with 0.17. of caa3mino acid3. This amount of casamino acids did
not contain evozgh glycine to allow the glycine auxotroph to grcw into
full-sized colonies, but it allowed the transformwrits to grow faster.
With the &I.fsef" mutant a concentration of casamino acids greater than
O.Cl1% gave tuo much background growth of the auxotrophic cells.
Trausformtnts of the MI8 series of mutants could be scored after plates
were incubated for 36 Zo 40 hours. The M28 series of mutints grew more
slowly and tranrfor nts co%,Id not be scored accurately before 48 hours.
All the mutants used in these eperiments were very itable; revertants
were rarely, if ever, seen. However, appropriate controls for detecting
revertants were always included in transformaticn experiments.

E. DNA

DW.A was prepared as described by Gwinn and Thorne.1 Cells for DNA
extraction were grawr in NTY broth as described by thoee authors except
that the inoculum of spores was reduced to I x 10 per ml. With this
amount of inoculum vary few, if any, spores were present in 16-hour cultures
and there was no difficulty in preparing sterile DNA. For storage at 5 C
as well as for -.se in experiments, DNA was in solution in 2 M NaCI. DNA
was determined by the method of Burton..
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I1. RESULTS

A. TRANSFORMATION FREQUENCIES OF M28 CELLS GROWN UNDER VARIOUS CONDITIONS

NBSG medium was the beat of the media tested by Gwinn and Thorne for
growing recipient cells of M28 for transformation although only about I0%
of the cells transformed under the test conditions. The present studies
began with attempts to improve the frequencies of transformation with M28,
4xid these experiments resulted in the modification of NBSG. The new
medium, NBSG-X, is the same as NBSG except that the concentrations of
phosphates were increased fourfold, the concentrations of MgSO4 and

citrate were increased sixfold, and the concentration of MnSO4 was
increased tenfold. Of all these modifications the most important one
was the increase in phosphate to the unusually high concentration of
approximately 0.5 M. While these tests on growth medium were being done,
experiments were also carried out to improve the medium used for the
transformation process. In the original studies Cwinn and Thorne1 used
minimal 1 broth, but after many tests, we adopted TM broth, pH 7.0, as
the routine transformation medium. This is the same as minimal 1 broth
except that glutamic acid was omitted because it inhibited transformation,
the MgSO4 concentration was increased fivefold, the MnSO4 concentration
was increased 50-fold, and CaC12 and NaCl were added. In numerous tests
in which each of the constituents was tested over a range of concentrations
and in which media at various pH values were tested, the best results
were obtained with the medium as described. The optimum NaCl concentra-
tion was 0.3 to 0.4 M. The ro:tine addition of 0.1 ml of DNA in 2 M

NaCl to 0.9 ml of cells in TM containing 0.2 M NaCl resulted in a final
molarity in the optimum range.

Table 3 shows some transformation frequencies obtained with cells
grown in NBSG-X medium and transformed in TM broth. These data demonstrate
the effects of pH of the growth medium and degree of aeration as controlled
by the volume of medium in the 250-ml ilasks. Two combinations of volume
and pH, 50 ml at pH 6.0 and 25 ml at pH 8.0, gave maximum transformation
frequencies. With 50 ml of medium at pH 6.0 the optimum time of incuba-
tion was 46 to 54 hours even though the viable cell count reached the
maximum (about 2 x lS/ml) after 10 to 12 hours. Little or no change in
numbers of viable cells could be detected-throughout the remainder- of

he period and Very litle change in pH, less than 0.2 unit, occurred
during the entire time.

Although the highest frequencies were obtained with cells grown at pH 6
in a volume of 50 ml, the long incubation period required was inconvenient.
Therefore, the next best set of conditions, 25-ml volume and pH 8.0, was
adopted for further studies. When M28 was grown for 18 to 20 hours under
these conditions, 0.1 to 0.3% of recipient cells were transformed when
incubated with DH!A in TM broth for 2 to 3 hours. For the remainder of
the experiments reported here, except when otherwise stated, cells of
the M28 serirs of mutants were grown in this manner.

AI__
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TABLE 3. TMANSFORMATION OF M28 CELLS
GROWN UNDER VARIOUS CONIDITIONS4 /

4ediSui Trans format ion
ml/250-ml Optimum Incubation to Prototrophy,

pH Flask Time, hours %

6.0 50 46 to 54 0.1 to 0.6

7.0 50 24 to 26 0.02 to 0.04
8.0 50 24 to 26 0.03 to 0.05

7.0 25 18 to 20 0.03 to 0.1

8.0 25 18 to 20 0.1 to 0.3

a. The medium was NBSG-X. One-tenth ml of cells, 0.1 ml
of wild-type DNA, and 0.8 ml of TH broth were incu-
bated for 3 hr. Transformants were scored on minimal
1 agar supplemented with 0.1% of casail!no acids.

Early tests revealed that these conditions, which were optimum for
M28 were not specific for cells with :he 1Y marker. M28-D14-3 is a
Ll.Z leu- transformant derived from M28-D14 (EZ jet), by Gwlnn and
Thorne When it was tested by the standard procedure adopted for M28,
0.6 to 0.7% of the cells were transformed during a 3-hour exiosure to DNA.

B. TRANSFORMATION FREQUENCIES OF MUTANrTS DERIVED FROM M28

Spores of a rough, prototrophic transformant of M28, K28-RT, were
irradiated with UV to induce mutations and new auxotrophic mutants were
isolated. Fifty of these were tested for ability to be transformed and
some of the results are shown in Table 4. The transformation frequencies
varied over a wide range from a low of 0.0002% to a high of 3.3%. There
was no apparent correlation between nutritional requirements and trans-
formation frequency. M28-RT-M20, which gave the highest frequency,
required either glycine or serine for growth. That this was a different
marker from the glycine marker in M28 was confirmed by the fact that DNA
from one mutant would transform the other to the same extent as wild-type
DNA.

Similar results to those above were obtained when new auxotrcphic
mutants were isolated following UV irradiation of a prototrophic trans-
formant derived from Y18-D14-3. Two among the 35 tested gave transfcrma-
tion frequencies higher than the parent; M28-DI4-3-RT-M8 (his') and 443
(a") Save frequencies of 2% and 1.5%, respectively. In these tests the

Vt
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parent, M28-D14-3, gave a frequency of 0.6%. It is interesting that a
mutant requiring either glycine or serine was also isolated in these
experiments; hoever, it transformed at the same frequency, 0.6%, as
the parent, M28-D14-3.

TABLE 4. TRANSFORMATION OF MTANTS DERIVED FROM A28-RTA-'

Transformation
Mutant Requirement to Prototrophy, %

M28-RT-MI methionine 0.7
.M76 methionine 0.07
M73 methionine 0.09
14 leucine 0.6
M20 glycine or serine 3.3
1H32 arginine 0.8
M45 purine 0.4
M48 lysine 0.3
M66 histidine 0.03
1156 histidine 0.3
M19 tryptophan 0.002
140 guanine 0.0002
M85 valine 0.2
M90 isoleucine 0.1
M74 glycine 0.05
M63 glycine 0.7

M28 (control) glycine 0.1
M28-D14-3 (control) leucine 0.7

a. Cultures were grown in NBSG-X for 18 hr and 0.1 ml of earh
was incubated with 0.1 ml of wild-type DNA and 0.8 ml of TM I
broth for 3 hr. Transformants were scored on minimal 1 agar. 1

C. TRANSFMABILITY OF STRAINS PREPARED BY TRANSFORMING MARYMS INTO
RECIUIENT CELLS

Since it appeared that changes in capacity to be transformed often
occurred during the process of preparing marked strains by irradiating
spores with UV and selecting auxotrophic mutants, it seemed desirable to

be able to prepare suitably marked strains by transforming markers into
highly transformable mutants. Experiments were done to determine whether
prototrophic transformants retained the ability to serve as recipient cells
for transformation. Two prototrophic transformants (peptide) resulting I
from exposing M28-RT-M20 (j/serF) to wild-type DNA were selected and

.........................__________________I..................."..................
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purified by streaking on tinimal agar and picking single colon'es. Both
of these prototrophic transformants retained the ability to develop
competence as determined by their capacity to be transformed frc2
peptide to ZU1tde+ . An example of the retults obtained with one of
thea., M28-RT-M20-RT, is shown in Table 5.

TABLE 5. TRANSFOMK4TON OF A PE1'TTDt PROTOTROPH TO PMTTIDE+ ANT SMRAIN3
P JPARED BY T7RAN~SFORING WMES INTO RECIPIEN CELLS~

Recipient Cells TrAnsformants

Strain Transfor-
Designationb /  Genotype No./, Genotype No.1ml nation, %

)128-IT-W20-RT peptide, 3.0 x VF peptide+ 1.2 x 1? 4.0
protatroph

M28-RT-M20-RT-T4 his 2.7 x UP his+  1.0 x 107 3.7

)28-RT-M20-D5 1Iy/ser 3.5 z 10 &11/ser+ 1.3 x 10' 3.7
h_- hisl -  1.2 x 10 3.4

a. Recipient cells were grown for 18 hr in NBSC-X and 0.1 ml samples
containing the indicated number of cells were incubated for 3 hr vith
0.1 ml of wild-typt DNA and 0.8 ul of TM broth. Transformants were
scored on minimal 1 agac for 2etLide+, on minimal 10 agar for his+,
and on ainizal 1 agar supplemented with histidine and 0.01% of
casamino acids for &IX/ser+ .

b. See Table I fur derivation of the strains.

Competent cells of the prototrophic trinsformint, M28-RT-M2O-RT of
Table 5, were transformed with DNA prepared from I(28-D14-3-RT-M8 (hia-)
and transformation mixtures were plated on M Y agar to produce isolated
colonies. Colonies were picked at random and teiited for the ability to
grow on minimal I agar, and those that did not grow were shown to be hi-.
Six such strains were tested for transformation and each of them transfor--el
to prototrophy at a frequency similar to that obtained with the original
recipient parent strain 28-RT-Y-20. Table 5 includes an example of the
results with one of these strains, )28-RT-M20-.tT-T4.

In a manner similar to that just dencribed the hi- marker of
28-D14-3-RT-M8 was transforme-d into cells of 1028-RT-M20 (gI/ser) and
doubly marked strains were isolated. Four of these were tested for
transformation and they all tranforn ed well for each of the two markers.
Results with one of them, M28-RT-M20-D5, are ini:luded also in Table 5.
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D. SPECIFICITIES OF GCROMl MEDIA FOR THE TWO TRANSFORMATION SYSTEMS

Following the procedure reported by Leonard and Matthei and using one
of their mtants, M18 (arS), we were able to reproduce the frequencies of
transformation they reported. We were also able to prepare suitably,
marked strains in that system by transforming desired markers into appro-
priate cells. For example, Table 6 gives results of a transformation
experiment with the doubly marked strain, M18-Dl (a r ac). This strain
was prepared by transforming M18 (ar1C) with DNA isolated from M17 (A).
The cells transformed for each of the two markers at a high frequency.

TABLE 6. TRANSFORMTION OF M18-DI ( 4fl)a /

Trans format ion

Recipient ___ __ __ ad+
Cells/ml DNA Source+ Transformants/ml % Transformants/ml .

8.7 x 10" m48a r-) 0 0 3.2 x iCP 3.7

8.7 x 1Of M17 (I) 4.4 x 1CP 5.1 0 0

8.7 x 10'  9945A 4.8 x Ido 5.5 3.4 x I0f 3.9

a. Strain M18-DI (Ef ad") was obtained by transforming M18 (arE)
with DNA prepared from M17 (ad'). Recipient cells were grown in
BLSG for 18 hr.. They were diluted 1:20 in BL broth and 0.9-ml
samples (8.7 x 107 cells) were incubated in tubes for 2 hr. DNA
(C.1 ml) was added and incubation was continued for 2 hr. Trans-
formants were scored on appropriately supplemented minimal 10 agar.

The data in Table 7 demonstrate the specificities of the two growth
media, BLSG and NBSG-X, for the M18 and M28 types of mutants, respectively.
The results of experiments 1 and 3 in the table show that the two transfor-
mation media, TM and BL, gave similar results and that they could be used
Interchangeably for both systems. The data of experiment 2 show the
superiority of BLSG over NBSG-X medium for growing recipient cells of
1M18-DI. The optimum concentrations of glycerol for the two media are
different, 1.2% for BLSG and 0.5% for NESG-X. However, increasing the
concentration of glycerol to 1.2% in NBSG-X did not improve this medium
for MI8-Dl. The results of experiment 3 in Table 7 show that BLSG is
inferior to NBSG-X as a growth medium for recipient cells of M28-RT-M20-
RT-T1O. This was confirmed for other mutants of the M28 series. Reducing
the concentration of glycerol to 0.5% in BLSG (experiment 4) did not alter
the results significantly. It should be pointed out that the numbers of
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cells obtained with any particular mutant in the two media were about the
same. It is in the quality of the cells with respect to their trans-
formability that a great difference was observed.

TABLE 7. SPECIFICITY OF GROWTH MEDIA FOR RFIPIET CELLS OF M18
AND M28 TYPES OF MTATS7 -

Transfor-

Exp. Growth .lation Recipient Transfot-ationNO. Mutant Medium Medium Cells/al Trans formant 8/ml %

3 M18-Dl BLSG BL 1.7 x Ida 1.4 x 10' (_ +) 1.0
TT (a) - 2.2 x O' 1.6 x 10' (are) 1.5

M18-DI LM 6.2 x x UP ','ad+) 1.2le ( -,) NBSC-X TM 1.2 z t0" 9.0 z lop (~d+) 0.008
-- nSC- /  TM 7.8 z 1o" <1• zo 10P _L ) <0.001

3 M28-IT-M20- BLS BL 1.7 x I 9.5 z 10' (_) 0.06RT-T0 (If) BsC-X TM 2.2 z ICP 1.7 x ICP 0 . .g
VBSG-x BL 2.3 x lds 1 6 z I0 (d +)  0. 7

RT-To q )BLS. B 1.4 x 10' 6.2 z 10' z ( le ) 0.04

5 M28-.RT-.Mo- BS-X TM 2.7 z lO 1.2 x 1'? (A.L) 4.4
RT-Tlo (r)

a. Recipient cells of M18-DI were gron for 18 hr and those of K28-1T-M20-
RT-TIO for 16 hr, the respective optimum times. Except for experiment 5,
cells were diluted 1:20 in transformation medium and 25 ml were incu-
bated in 250-mi flasks for 4 hr. Samples (0.9 ml) were then incubated
with 0.1 al of wild-type DNA for 30 min. In experiment 5, 0.1 ml of
cells, 0.1 ml of DNA, and 0.8 ml of TM broth were incuibated together
for 3 hr. Transformants were scored on minimal 10 agar supplemented
as necessary.

b. The concentration of glycerol was increased from 0.5% to 1.2%, the
optimum concentration for M18-Dl in BLSG.

c. The concentration of glycerol was reduced from 1.2% to 0.5%, the
optimum concentration for the M28 series of mutants in NBSG-X.
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Routinely BLSG was, used in 50-ml amounts in 500-mi flasks, since this
was the 'recommended procedure. However, in experiments not shown here,
results with M18-DI grown in 25 ml of BLSG in 250-ml flasks were similar
to those obtained routinely.

The difference between the M28 and M18 types of mutants does not appear
to be attributable to the presence of particular nutritional markers.' The
data in Table 7 provide evidencs for this. The a. marker was transformed
into etch of the two mutants used in these experiments with the use of DNA
isolated from 1417 ( M). 117 is highly transformable under the same condi-
tions that are optimum for MIS.' When the ad' marker of M17 was put into ..............
MIS (arE) the characteristics of this mutant with respect to transformation
did not change, Likewise, the original specificity of M28-RT-H20 with
respect to growth medium for optimum transformation was retained when, the
ad' marker of M17 was put into M28-RT-M20-RT.

E. DEVE OF COMPETENCE IN TRANSFG1A.TION MEDIUM

We, as well as Leonard and Hattheis, hAd assumed that cells of trans-
formable mutants of B. licheniformis became competent in their growth medium
late in the stationary phase. The fact that the age of the culture was a
critical factor in controlling the frequency of transformation contributed
to this belief. Howevex, in experiments designed to test this we obtained
evidence that cells did not become competent, at least to any great extent,
in their growth medium, but that appropriately grown cells developed
competence during incubation in transformation medium. The data in Table 8
demonstrate that cells of M28-&T-M20-Dl (./sef hi() became competent
during incubation in TM broth. In this experiment samples of cells in TH
broth were incubated in a series of tubes and at hourly intervalft DNA was
added to one of the tubes and incubation was continued for 30 mtnutes.
Without any period of incubation in TH broth.before addition of DNA, only
0. 1% of the cells transformed; with longer periods of incubation in TH
broth the proportion of transformed celle increased to a mmcinum of about
27. in several experiments maximum competence was achieved after cells
were incubated in TH broth for about 3 to 4 hours and this high level of
competence was maintained through the 6th hour. After that time the mnber
-of transformants decreased but even after 8 hours, which was the longest
period tested, about 0.5. of the cells transformed. Control experiments
were done in which cells were allowed to continue incubating in their
growth medium. At hourly intervals 0.14ml samples were removed and incu-
bated for 30 minutes with 0.1 ml of DNA and 0.8 ml of TY.. In such tests
the frequencies of transformation were always several-fold lower than
those obtained with cells of the same culture incubated for an optimum
period in transformation medium.

I __ _ _ _
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TABLE 8. DEWMNSTIATION OF DEVELOME OF CQMIETE4CE IN TM BR±T-!

Incubet ion
Time in TM Transformation
Broth Before Incubation i ser bi.+
A d d i t i on o f T i m e w i t h _ _ _ _ __ _ _ _ __ _ _ _

Did A Tran formants/ml Z Transformatnt ml

hr min

T 30 3.0 r pro O.12 2.0 t UPZ 0.03
1 30 3.1 z I0P 1.3 1.6 x 1le 0.67
2 30 3.7 z 1&I  1.5 2.4 x 10P 1.0
3 30 5.2 z 1UP 2.2 3.0 x 10P 1.2
4 30 4.2 z 10P 1.8 3.5 z 10P 1.5
5 30 4.8 z I0P 2.0 4.6 z lem  1.9

0 ISO 1.3 z 10' 5.4 1.1 x i0, 4.6

a. Recipient cells of strain Wi8-RT-hW-Dl t.ate" hia ) were grc n for
18 hr in dBSG-X. Tubes conaining 0.8 l of T broth and . % ml of
cells (2.4 z 10P ) were imcubted for the times Indicated ild-type
DNA (0.1 l) was added and 30tiutnued for the ties
indicated. Transformants were sooed on minimal 10 agar for his+
and minaimal 1 agar supplemeted with histidine and 0.01%. of casamino
acids for Ilt/s__.r + .

Table 9 demonstrates that M18-Dl also developed competence in trans-
formation medim. Results were similar to those obtained with the 1M28
s~eries of mutrants. With both types of mutants determinations of viable
cells at periods up through 6 hours indicated that the number of cell'i
did not change significantly during incubation in transformation medium.
Also, with each of the two types of mutants, cells developed competence
in transformation medium equally well whether 25-ml samples were incubated
with sh~aking in 250-mi flasks or 0.9-ml samples were incubated with
saking in test tubes.

F. EFFECT OF TIM OF EIPSURE TO DRA

Table 10 shows the effect of various periods of exposure to DM. on the
number of transformants obtained. With cells that had been incubated for
an optimum time in trans format ion medium, greater than 0.1% transformtion
was obtained during an exposure period of 5 minutes.. Between 1% and 2%
of the cells were transformed in 15 minutes and the number of transformants
increased still further in 30 minutes.



TABLE 9. ATrA1NMET 0F COMPETENCE DURING INCBTO

0F fl18-D1 &T_ ) CELLS IN EL BROZ46-

Incubation Time
iz BL Broth

Before Addition Incubation Time Transformation to ad+

of DNA with DNA Transformants/ml Z

hr =in

. . . 0 30 8.0 x 10 0.006
-30 9.0x 10' 0.07-
2 30 6.7 x I0F 0.52
3 30 1.7 x lI0 1.3
4 30 2.0 x 10P 1.5
5 0 2.0 x l0'  1.5
6 30 2.0x i0f 1.5

2 120 5 z i0 3.8

a. Cells grown for 18 hr in BLSO were diluted 1:20 in BL
broth and 0.9-ml samples (1.3 x 10' cells) were incubated
in tubes. After the designated times 0.1 ml of DNA was
added and incubation was continued for the times indi-
cated. A total cell count on the 6-hr tube gave 1.2 x l0
cells per ml, indicating that the number of cells did
n'-t change significantly during the course of the
experiment. Transformants were scored on minimal 10
agar supplemented with arginine.

TABLE 10. TRANSFORMATION FREQUENCIES WIl. CELLS 0C M18-Dl
EXPOSED TO DXA FOR VARIOUS PERIODS OF TIMEA

Minutes of , Tranformation
Ezposare ~ ad+
to DNA Transfrmants/ml % Transformants/ml %

1 2.~z 10' 0.00003 1.S x l& 0.0003
5 9 xle 0.14 1.1x i0f 0.17

_ 15 1.1 X0 1.6 . 1. x 10' 1.7
30 .6 10 2 5 2.2 x I0. 3.4
120 5. 1 X lz 7.9 5.6 x i0' 8.7

a. Cells were grown for 18 hr in BLSG, diluted 1:16 in BL broth,
and incubated 5 hr (25 ml/250-ml flask). Samples (0.9 ml) con-
taining 6.4 z 10 cells were incubated with 0.1 ml of wild-type
DNA for the indicated times. For the sample expohed to DNA for
120 min, 0.9 ml of cells was removed from the flask after 2 hr
and incubated with 0.1 ml of DNA for 2 hr. Transformants were
scored on minimal 10 agar supplemented with arginine for ad+
and with adenine for arA+

I - -
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I
j An interesting fact is that with both types of mutants, exposure to

DNA for periods longer than 30 minutes always produced more transformants
(Tables 8, 9, and 10). The maximum number of transformanta was obtained
when cells were exposed to DNA for 2 to 3 hours.

IV. DISCMSION

The'se experiments demonstrate that two types of mutants derived from

B. licheniformis 9945A had different requirements with respecc to optimum
medium for growth of transformable cells. The origin&l medium used for
both types of mutants was NBSG (1able 2) and it was later modified into
BLSG for the M18 type of mutarts and FBSG-X for the M28 type. The most
impcTtant difference in the two modified media is in the phosphate concen-
tration. Apparently the physiology of M28 type is such that the high
phosphate concentration, almost 0.5 M, is conducive to the development
of transformable cells. Glycerol is an importtnt constituent in the
medium for both mutant types, although the optimum concentrations vary
somewhat. When glucose was substituted for Slycerol, very few if any
transformants were obtained. Glycerol L',iibits sporulation of B.
licheniformis and we believe this is one reason it is such a critical
factor in the medium for growing transformable cells.

Except for their specificitles vrith respect to zdium for growth of
transformable cells, the two types of mutants were very much alike.
Each became competent in either of the two transformation media studied;
the two had similar colonial morphologies; both were phenotypicall7 as
well as genotypically rough (peptide-); and each type included variants
that gave a wide range of transformation frequencies.

Information given in this report apparently eliminates specific
auxotrcphic markers as being responsible for the peculiarities of the
two mutant, types. When the ad' marker from a repres.ntative of one
type was i.ransformed into a representative of the second type, the
specificity of the second type with respect to growth medium was not
changed. pur hypothesis to account for the two types is that coinci-
dentally tp the original mutaticm resulting in auxotropiz,, a second mutatirnocturred iesulting in a physiological change that rendered the cells trans-
formable when grown under certain conditions. According to this hypothesis

this coincidental mutation would be differert in the two "mutant types and
one should be able to transform one type to the other. We have not tried
to do this.

Although, according to transformation tests, -ompetence developed
during incubation of cells in transformation madium and persisted for
several hours, the number of transformants that could be cbtained in any
30-minute period of exposure to DNA during the hours of maximum competence
was never as high as the number that could be obtained by using longer

I

L .
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periods of exposure. This is intepreted to mean that populations of cells
were heterogeneous with respect to development of competence and that during
incubation in transformation medium some cells gained competence while
others lost it. When DNA was present for a long period of time, cells
were transformed as they became competent and transformants accumulated
throughout the period. Powever, when exposure to DNA was held to a
shorter period, only those cells that were competent at the time were
transforuc-d. Alternative possibilities are that individual cells gained,
lost, and regained competence in cycles, or that some cells took up DNA
mch more slowly than other cells. An obvious possibility is that during
longer periods of exposure to DNA the number of transformants increased
as a result of cell division (growth) of the transformants; this was ruled
out in experiments in which continued Incubation of transformation mixtures
for severrl hours after deoxyribouuclease treatment did not result in
increased numbers of transformants.

Although populatiors of cells developed maximum competence only- after
being transferred from growth medium to transformation medium, the length
of incubation time in growth medium was a critical factor. Apparently
in growth medium cells developed a condition that rendered them potentially
competent. Although cultures exhibited this condition to some extent for
several hours, the maximum potential for competence was usually not main-
tained for more than 1 to 3 hours. Neither the nature of the condition that
renders the cells potentially competent nor the nature of the condition of
coi petence itself is understood. The situation is somewhat,, but not con-
pletely, analogous to that in the Bacillus subtilis transformation system.
Cultures of B. subtili3 strain 168 reached the condition of maximum potential
competence during the late logarithmic growth period; cultures of trans-
formable mutants of B. licheniformis did notreach this stage until several
hours after onset of the stationary phase. When a potentially competent
culture of S. subtilis was diluted 1:10 in a second growth medium, cells
achieved competence tvward the end of the logarithmic growth period;
cells of potentially competent cultures of B. licheniformis developed
competence during incubation in a completely synthetic transfcr=ation
medium that did not support growth of the atuotrophic cells.

- -- - --- ---

'!~
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1I. AVSTRACT

Transformation systems involving two types of transformable mutants of
Bacillus licheniformis 9945A were compared. Each system required its specific
growth medium but a single transformation med&ium could be used for both. Cells
from a culture of optimum age developed competence during incubation in a com-
p letely synthetic transformation medium. With each system 3 to 5%. of the
recipient calis were transformed upon exposure to wild-type DNA for 2 to 3 hours.
When competent cells were exposed to DNA for 30 minutes, 1 to 2% of them were
transformed. The data are interpreted to mean that cells were heterogeneous
with respect to development of competence, and when properly grown cells were
incubated in transformation medium, s.,e of them gained competence while others
lost it. If DNA was present during the entire period, the cells were tran3-
formed as they became competent and the transformants accumulated. However,
during any short period of exposure to DNA only-those cells that were competent_.
at the time were potential transformants. The high frequencies of transformation
obtained in these studies made it feasible to prepare marked strains by transform-
ing markers into recipient cells. These experiments demonstrated that the
characteristics of the two transformation systems could not be attributed to
specific nutritional markers. Presumably each of the two series of highly
transformable auxotrophic mutants also carried at least one other mutation
that resulted in development of competence under the specific conditions.
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