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ABSTRACT

Trapsforzation systems involving two types of transformable mutants
of Bacillus licheniformis 9945A vere co.pared. Each system require! its
specific growth medium but a single transformation medium could be used
for both. Cells from a culture of optimum age developed competeuce during
facubation in a completely synthetic transformation medium. Wich each
systes I to 5% of the recipient cells were transformed upon exposure to

- wild-type DNA for 2 to 3 hours. When coupetent cells vere exposed to DMA

for 30 minutes, 1 to 2% of them were transformed. The 4zta ar: interpreted
to mesn that cells were heterogeneous with respect to development of com-
petence, and vhen properly grown cells vere incubated i{n transformation
medium, some of them gained competence while others lost {r.. If DNA wes
present during the entire perfod, the cells were transformed as they
became competent and the transformants accumulsted. However, during

any short period of exposure to DNA only those cells that were competent
at the time vere potential transformsnts. The high frequencies of trans-
formation obtained {n these studies made {t feasible to prepare marked
strains by transforming markers into recipient cells. These experiments
demonstrated that the characteristics of the two transformaticn systems
could not be attributed to specific nutritional markers. Presumably

esch of the two series of highly transformable auxotrophic mutants also
carrfed at least one other mutet{on ihat resulted in development of
competence under the specific conditionms.
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L.__INTRODUCTION

Using 8 screening procedure based on the occurrence of transformation
from suxotrophy to prototrophy on minimal agar plates, Gwinn and Thorne*
showed that certain mutants derived from Bacfllus licheniformis 99454 were
transformable when grown under the test conditfons employed., Ome of these

mutants, M28 ’;lzcine'), wao studied further andd some factors affectipg its

about 10°%% of the recipient cells trarsformed.| The parent wild-type

transformation vere investigated, slthough und:t the best conditions only
strain prgducea large amounts of glutamyl polypeptide when grown appro-

. pristely,” and on minimal agsr plates it produces mucoid colconies

(peptide’). The mutant M28 vas rough (pepcide ) and with appropriate
deoxyribonucleic acid (DNA) it could be transformed to peptidet as well
a8 to prototrophy, The rough character of M28 was related to its ability
to be transformed, because glycine peptide* strains prepared by trans-
forming M28 to ggggide* were much lers susceptible to transformatiom to
glycinet than the original u28. '

Using the samb'screening procedure employed by Cwinn and Thorme,}
Leonard et al.” also found certain mutants to be transformable when

grown under appropriate conditions. These workers confirmed the findings
thet the ability to synthesize glutamyl polypeptide is a transformable
characteristic and that mucoid auxotrophs (peptide*) transformed much
less readily then rough suxotrophs (peptide ). In a more recent report
Leonard end Mattheis Jescribed improvements in the transformation system
they developed and reported the isolstion of colonial variants that
transfcrmed at higher frequencies then the origfaasl isolates.

Our present report gives improved conditions for transforamatiom
of the original M28 mutant and describes the isola*ion, by a procedure
different from thaj described by Leonard and Mattheis,” of derivatives
of M28 that transform at greater frequencies, JIncluded also are r.sults
of studies in which the conditions for transforming the M28 series of
mutants, referred to here as the M28 system, were compared with the dif-
ferent conditions that were defcribed for. transforming the mutants iso-
lated by Leonard iand Msttheis.” M18 was chosen as being typical of their
mutants and this system w.ll be referred to as the MI8 system. The two
systems arose as & rerult of the fact that different mutants require
different conditions for growth of cells capable of develuping competence.
An attempt is made to bring together in one place the essential features
and procedures of beth systems to facilitate the use of B. licheniformis
transformation by other workers who may wish to use {t as a tool in
genetics studies. i '
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. MATERTALS AND METHODS

A. ORGANI SMS

. The vild-type prototrophic ttrain was B. lichenifomu ATCS 9945A.
All the mutants were derived from 9945A end they are listed and described

" in Table 1. , T ke —

TABLE 1. DESCRIPTION OF B. LICHENIFORMIS 9945A MUTANTSE/

T Gt T B

histidine; ad, adenine; leu, leucine; arg, arginine; UV. ultraviolet
light; M, mutant; T, transformant; RT, rougzh prototrophic transformant;
i D, doubly suxotrophic. All the mutants listed weve rough, f.e,

gggtide .

}:i Designation D'eiéi‘iptidn;""origin}””Or'Refeteﬁce T e g
3 M28 gly , by UV irradiation of 9945A.
‘ . M28-RT Prototrophic transformant of !428.
Z M28-RT-M20 3_1/}55_ , by UV irradiation of M28-RT (‘rable 4)
; M28-RT~-M20~RT Prototrophic transformant of M28-RT-M20.
3 M28-RT-M20-RT-T4 his , derived by transforming his marker of
‘z » v 1'128-914 3~RT-M8 into MZS-RT—HZO-RT
4 M28-RT-Mz0~D1 and D5 gly/ser” his”, derived by transforming his  marker
3§ of M28-D14-3-RT-M8 into M28-RT-M20. ‘
.| M28-RT-M20-RT-T10 ad, derived by transforming ad” marker of M17
# : i.n:o M28-RT~M20-RT.
M28-D14-3 leu” gly* transformant of M28-D14 (ley g_l;f )
' of Gvinn and Thorne. 4
5 M28-D14-3-RT Prototrophic transformant of M28-Dl4-3,
3 M28-D14 -3 ~RT ~M8 . hid, by UV frradfatfon of M28-Di4-3-BT.
1 M17 - , ad’, colonial type TI transformablie mutant
S a ~ described by Leonard and Mattheis.®
S B U Y > qqlgial type II transformsble mutant
o _ described by Leonard and" Mattheis: ;
2 . M18-p1 arg ad , derived by transforming ad marker of
» o ~ ¥17 fnto "w1s. .
g 1 8. Abbreviatiors: gly, glycine; gly/ser, glycine or serine; his,
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B. MEDIA

Most of the mcdia used in the transformation experiments are listed in
Teble 2. Minimsl 10 was minimal 1 supplemented with L-alanine, DL-valine,
L-leucine, L-isoleucirze, L-serine, and L-threonine, each at & concentration
of 320 mg/liter. We developed this medium for Bacillue cereus but it was
shown to give good recovery of B. licheniforu!s transformants. Trans-
formants grew fastcr oa Ir than on minimal 1 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 Difco nutrient broth and 3 g
of Difco yeast extract per liver, Triple dist{lled water was used to
prepare all media. Solid media were prepared with 15 to 20 g »f ager
per liter.

Iu preparation of minimal 1 and minimal 10 agar all the constituents

except FeClj, glucose, and agar were autoclaved together at double etremgth,
- and equal volumes of this and steri{le double strength molten agar were

combined. FeCljy and glucose were glways added aseptically. When it
was nccessary to add supplemsnts to minimal agar in order to score
transformants they were added aseptically in the following amounts (in
mg/ml); glycine, 1.0; other amino acids, 0.03; adenine aulfate 0.03;
Difco casamino acida, 1.0 o 0.1 as indicated.

NBSG-X broth was prepared by dissolving the phoasphates and (NH;)2SOy
in about one-half the final volume of water, adjusting the pH to 8.0 with
KaOH, adding this solution to & second solution containing the nutrient
brcth, MgSO;, and sodium citrate, and sdding water to make a £inal volume
of 1 liter. T7The medium was sterilized in 100-ml portions in 250-ml flasks
and just before inoculation the following were added tv 109 ml: 0.5 ml
of FeCly-6H,0 (8.0 mg/ml), 0.1 ml of MnSO4-Hy0 €2.5 mg/ml), and 2.C =l of
glycerol (250 mg/ml). The desired amount was then transferred to a
sterile flask. ' :

In preparation of the other media listed in Table 2, NBSG, T™, BLSG,
end BL, the following comstituents were stevilized {ndi vidually and addeu
aseptically: FeCl,, MnSO4, CaCl,, NaCl, L-tryptophan, glucose, glvcerol,
and hydrolyzed caoein.

C. CULTURAL CONDITIONS

Spores were preluced in potato extract medium as described by Thorne.®
Cellc for transformation vere grown in the appropriate broth in Erlenmeyer
flasks inoculated with 1 x 10’ to 8 x 10 spores per flask and Incubated
on a reciprocal shaker (S5-cm atrokf, 100 excursicna per min). With BLSG
med{um the recommended procedure of using 50 =l in 50C-ml flasks was
always followed and wizh NBSG-X, unless otherwise stated, 25 ml were used
in 250-m1 flasks. The incubation time for cultures was uaually 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 o7 on NBY sgar plates. All incubations were
at 37 C.
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D. TRANSFORAATION

-~

] All transformeaticns were carriced out in 2 final volume of 1 ml {n test
i tubes (18 x 150 mm) incudbated fn a slanted rosition or the shaker (described
: sbove) at 37 C. After the desired incubation time, 0.05 ml (50 ug) of
deoxyribonuciease (once erystallized, Werthington Blochemical Corp.,
Freehold, N.J.; was added and incuoa“ion was continved for 15 minutes.
In experiments with the M28 series of mutants one of the following two o
procedures was used: (i) one-tenth ml of culture was added to 0.8 ml
of T broth in a tube snd 0.1 ml of DMA was added as desired, either at
‘the beginning nf the expsriment or after gzuitable periods of incubation.
(11) Culturea were diluted 1:10 or more in T} broth and 25 ml were :
incubated in a 250-ul shaken flask. At the desired times 0.9~-ml samples ;
were removed to tubes with 0.1 ml of DNA. In experiments with 18 and
M18-D1, cultures were diluted about 1:20 in BL broth; 25 ml in 250-ml i
flasks or 0.9-ml samplens in tubes were incubated with shaking. After :
. the Zesired periods of time 0.1 ml of DNA was added to 0.9 ml of cells. i
Sipce details of the Lransfcrmation procedure varied sowmewhat from ome ’ X
experiment to another the exact procedure is always given with the
results, 1In all the experiments reported kere the final concentration
of DNA in transformation mixtures was 32 ug/ml; this amoant was shown
to be &n excess.
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broth used in the traasiormation rixtures and plated on the appropriale
minimal agar, TYransformants of M28 were conveniently scored on minimz2l
agar with 3.17 of casamino acida. This amcunt of casamino acids did
not contain epough glycine to allow the glycine auxotroph to grow into
full-sized colonies, but it allowed the transformuntr to grew faaster.
With the gly/ser” mutant a concentration of casamino acids greater than |
0.C1% gave tuvo much background growth of the auxotrophic cells.
Transforrants of the M18 series of mutants could be scored after plates
were incubated for 36 o 40 hours. The M28 series of cuitants grew more
slowly and tranrformants could not be scured accurately hefore 48 hours.
All the mutants used in these experiments were very 1tab1e; revertants
were rarely, if ever, meen. However, appropriatec controls for detecting
revertants were always included in <ransformation experimeﬂts‘

For scorinz transformants samples were diluted in the same kind of ‘ z
|
]
i

E. DNHA

D¥A was prepared as dascribed by Gwinn and Thorne.} (Cells for DNA
extraction were growr in NBY broth as degcrihed by thoece asthors except
that the f{acculum of spores was reduced to 1 x 10° per ml. With this
amouat of innculuxn vary few, 1if any, spores were present in l6-houvr cultures
and there was no difficuity in preparing sterile DNA. For storage at 5 C
as well as for use in experimerts, DNA vas in solution in Z M NaCl. DA
was determined by the method of Burtor.® .
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III. RESULTS

.

A. TRANSFCRMATION FREQUENCIES OF M28 CELLS GROWN UNDER VARIOUS CONDITIONS
NBSG medium waa the best of the media tested by Gwinn and 'L'tntrme1 for

growing recipient cells of M28 for transformation, although only about 1%y

of the cells transformed under the test conditions, The present studies

began with attempts to improve the frequencies of transformation with M28,

:nd these experiments resulted in the modification of NBSG. The new

medium, NBSG-X, is the same as NBSG except that the concentratiomns of

phosphates were increased fourfold, the concentrations of MgS0; and

citrate were increased sixfold, and the concentration of MnSQ; was

increased tenfold. Of all these medifications the most important one

__was the increase in phosphate to the unusually high concentration of ~

arproximately 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 Gwinn and Thornel‘uaed
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 MgSO, concentration was increased fivefold, the MnSO; concentration
was increased 50-fold, and CaCl; and NaCl were added. In numerous tests o
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 rontine 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 sume 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 {lasks. 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 €.0 the optimum tisme of incuba-

"tion was 46 to 54 hours even though the viable cell count reached the

maximum (about 2 x 10° /ml) after 10 to 12 hours. Little or no change in

numbers of viable cellshcgq}dwbe“de:gggedwchroughouc,the.remainder»ofﬁwg4~fw*~—f«—~ﬂé'~~
“the period and very 1ittle 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 inconveniént.
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 0.37 of reciplent cells were transformed when
incubated with DNA In TM broth for 2 to 3 hours., For the remainder of
the experiments reported here, except when otherwise stated, cells of
the M22 series of mutants were grown in this manner.

3

2
5
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TABLE 3. TRANSFORMATION OF M28 (glif) CELLS
GROWN UNDER VARIOUS CONDITIONSZ

Med{unm Transfcrmaticon
m1/250-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. Ome-tenth ml of cells, 0.1 ml
of wild-type DNA, and 0.8 ml of TM broth were incu-
bated for 3 hr. Transformants were scored on minimal
1 agar supplemented with 0.1% of casaiino acids.

Early tests revealed that these conditions, which were optimum for
M28, were not specific for cells with the gly marker. M28-D14-3 is a
glj‘ ley  transformant derived from M28-D14 (gly leu ), by CGwinn 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 exposure to DNA.

B. TRANSPORMATION FREQUZNCIES OF MUTANTS DERIVED FRCM M28

Spores of a rough, prototrophic transformant of M28, X28-RT, were
irradiated with UV to induce mutations and new auxotrophic mutants were
isolated. FPifty of these were tested for ability to be transformed and
some of the results are shawm in Table 4. The transformation frequencies
varied over a wide range from a low of 0.0002% to a high of 3.3%. There
vas nu apparent correlation between nutritional requiremerts and trans-
formation frequency. M28-RT-M20, which gave the highest frequency,
required efther glycine or serine for growth. That this was a different
marker from the glycine marker in M28 was confirmed by the fact that DMA
from one mutant would transform the other to the same extent as wild-type
DHA.

Similar results to those above were obtained when new auxotrcphic
mutants were isolated following UV irradiation of a prototrophic trans-
formant derived from M28-D14-3. Two among the 35 teated gave transforma-
tion frequencies higher than the parent; M28-D14-3-RT-M8 (his™) and M43
(arg ) gave frequencies of 27 and 1.5%, respectively. In these tests the

et S Rt € N b o e e 4 A 2 e % i i st At N e et b 4
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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; however, it transformed at the same frequency, 0,6%, as
the parent, M28-pl4-3.

TRANSFORMATION OF MUTANTS DERIVED FROM #28-RT2/

TABLE 4.
Transformation
Mutant Requirement - to Prototrophy, %
M28-RT-M1 - methionine . 0.7
- M76 _methionine - - 0.07 ;

M73 -methionine '0.09
.") leucine 0.6
M20 glycine or serine 3.3
M32 arginine 0.8
M45 purine 0.4
M48 lysine 0.3
M66 histidine 0.03
M56 histidine 0.3

M19 tryptophan 0.002 .

M40 guanine 0.0002
M85 valine 0.2
M90 isoleucine 0.1
M74 glycine 0.05
v M63 glycine 0.7
M28 (control) glycine - 0.1
leucine 0.7

M28-D14-3 (control)

a. Cultures were growm 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 T™

broth for 3 hr.

Transformants were scored on minimal 1 agar.

c. TRANSFORMABILITY OF STRAINS PREPARED BY TRANSFORMING MARKERS INTO
© ° 'RECTPIENT CELLS

Since it appeared that cbauges'in capacity to be transformed often
occurred during the process of preparing marked strains by {irradiating
spores with UV and gselecting auxotrophic mutants, it seemed desirable to
be able to prepare suitably marked strains by transforming markers into
Experiments were done to determine whether
prototrophic iransformants retained the ability to serve as recipient cells

highly transformable mutants.

for transformatiocn.

Two prototrophic transformants (peptide™) resulting

from exposing M28-RT-M20 (gly/ser”) to wild-type DRA were selected and
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purified by streaking »m uinimal azar and picking single colon’es. Both
of these prototrnphic transformants retained the ability to develop
competence as determined by their capacity to be transformed frca
peptide” to peptidet. An example of the results obtained with ome of
them, M28-RT-M20-RT, {s showm in Table 5.

TABLE 5. TRANSPORMATTON OF A PEPTIDE" PROTOTROPH TO PEPTIDE® AN OF STRAINS
PREPARED BY TRANSFORMING MARKERS INTO RECIPIENT CELLS2

Recipient Cells Transforzants

Strain : . Transfor-
Designationb/ Genotype Fo./ml Genotype No./ml mation, %

M28-RT-M20-RT tide", 3.0 x 10® peptidet 1.2 x 10 4.0
prototroph :
W28-RT-M20-RT-T4 his” - 2.7 x 10  hiet 1.0 x 10 3.7
M28-RT-M20-D5 gly/ser” 3.5x 10° gly/ser* 1.3x 10 3.7
his hist 1.2 x 10 3.4

a., Recipient cells were grown for 18 hr in NBSGC-X and 0.1 ml samples
containing the indicated number of cells were incubated for 3 hr vith
0.1 ml of wild-typz DNA and 0.8 ml of TM broth, Transformants were
scored on minimal 1 sgar for peptide*, onm minimal 10 agar for his*,
and on miniaml 1 agar supplemented with histidine and 0.01% of
casamino acids for gly/sert.

b. See Table 1 fur derivation of the strains.

Competent celis ox the prototrophic transformart, M28-RT-M20-RT of
Table 5, were transformed with DNA prepared from M28-D14-3-RT-M8 (his™)
and transformation mixtures were plated on NBY agar tc produce isolated
colonies. Colonies were picked at zandom and tested for the ability to
grow on minimal 1 agar, and those that did not grow were shown to be his™.
Six such strains were tested for transformat{on and each of them transformed
to prototrophy at a frequency similar to that obtained with the original
recipient parent strain M28-RT-M20. Table 5 includes an example of the
results with one of these strains, M28-RT-M20-RT-T4.

In a manner similar to that just described the his" marker of
M28-D14-3-RT-M8 was trausformed into cells of M28-RT-M20 (gly/ser”) and
doubly marked strains were {solated., Pour of these were tested for
transformation and they all tranaformed well for each of the twe markers.
Results with one of them, M28-RT-M20-D5, are {included also in Table 5.

et Y e

o e A NP o Yt et S

e o v e e i T




14

D. SPECIFICITIES OF GROWTH MEDIA POR THE TWO TRANSPORMATION SYSTEMS

Following the procedure reported by Leonard and Mattheis® and using one
of their mutants, M18 (arg ), ve 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 (arxg ad ). This strain

was prepared by transforming M18 (arg ) with DNA isolated from M17 {ad’).
" The cells transformed for each of the two markers at a high frequency.

TABLE 6. TRANSFORMATION OF M18-D1 (ARG Am)a/

. Transfcrmation
Recipient ' argt adt
Cells/ml DNA Source  Transformants/ml % Transformants/ml %
8.7x 10 M8 (arg’) . 0 0 3.2 x 10° 3.7
8.7x 100 M7 (ad’) 4.4 x 10° 5.1 () 0.
8.7 x 10 99454 4.8 x 10° 5.5  3.4x 16 3.9

a. Strain M18-D1 (arg ad ) was cbtained by transforming M18 (arg’)
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 fincubated in tubes for 2 hr. DMA

(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 apecificities 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 simflar 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
M18-D1. The optimum concentrations of glycercl for the two media are
different, 1.27 for BLSG and 0.5% for NBSG-X. However, increasing the
concentration of glycerol to 1.27 in WBSG-X did not improve this medfum
for M18-D1. 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-T10. 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

e




15

cells obtained with any particular mutant ir the two med{a were about the
sams. It fe in the quality of the cells with respert to their trans-
formability that a grest difference was observed.

TABLE 7. SPECIFICITY OP GROWTH MEDIA FOR RECIPIENT CELLS OF M18
AND M28 TYPES OF MUTANTS:

Transfor-
Exp. Growth  mation Recipient Transformation
¥o. Mutant Med{um Medium Cells/ml Trarnsformants/ml %
1 M18-p1 . BLSC 3L 1.6 x 10® 1.4 x 10® (argh) 1.0
(arg ad) ™ 1.1x 10 1.6 x 10 (arg?) 1.5
2 M18-p1 BLSG ™ 6.2x 10 7.3 x 1 ‘ad) 1.2
(arg af)  NBSG-X ™ 1.2 x 10 9.0 x 10> (ad*)  0.008
- omsex m 7.8x 10 <1x 10 (ad") <0.001
3 M28-RT-M20- BLSG BL 1.7x 10 9.5x 1¢* (adh)  0.06
RT-T10 (ad") NBSG-X ™ 2.2x 10 1.7x 1¢* (e 0.8
FBSG-X BL 2.3x10° 1.6x 1® (ad") 0.7
&  M28-RT-M20- BLSG ™ 1.1x 10® 3.6 x 10* (adh)  0.03
RT-T10 (af) BLcY ™ 1.6 x 10* 6.2 x 10* (ad*)  0.04
5  M28-RT-M20- NBSG-X ™ 2.7z 100 1.2x 19 (adh) 4.4

. RT-T10 (ad’)

a. Recipient cells of M18-Dl1 were grown for 18 hr and those of M28-RT-M20~
RT-T10 for 16 hr, the respective optimum times. Except for experiment 5,
cells were diluted 1:20 {n transformation med{um and 25 ml were incu-
bated {n 250-ml flasks for 4 hr. Samples (0.9 ml) were then incubated
with 0.1 =l of wild-type DNA for 30 min. In experiment 5, 0.1 ml of
cells, 0.1 ml of DFA, and 0.8 ml of T™ broth were incubated together
for 3 hr. Transformants were scored on minimal 10 agar supplemented
as necessary. .

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

€. 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 {n 500-ml flasks, since this
was the recommended procedure.,” However, in experiments not shown here,

“results with M18-~D1 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 Jdoes not appear
to be attributable to the presence of particular nutritional markers. The
data in Table 7 provide evidence for this., The ad marker was trantfmed
into exch of the two mutants used in these m:perimenn with the use 'of DNA

. 1solated from M17 (ad”). M17 1is highly transformable under the same condf- = |

tions that are optimm for M18.° When the ad” marker of M17 was ptt into

" M18 (arg ) the cheracteristics of this mutant with respect to transformation

did not change. Likewise, the original specificity of M28-RT-¥20 with
respect to growth medium for optimum transformation was retained when the
ad’ merker of M17 was put Lnto M28~-RT-M20-RT.

E. 'DEVEI‘OP!{ENT or C(MPETEHCE IN TRANSFCORMATION MEDIUM -

We, as well as Leonard and ¥a tthei:, had assumed that celle of trans-
formable mutants of B, licheniformis became competent in their growth medfum
late i{n the stationary phagse. The fact that the age of the culture was a
critical factor in controlling the frequency of transformation contributed
to this belief. However, 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
coapetence during {ncubation in travsformation medium, The data in Table 8
demonstrate that cells of M28-RT-M20-D1 (gly/ser” his™) became competent
during {uncubation in TM broth. In this experiwent samples of cells i{n T™
broth were incubated {n & series of tubes and at hourly intervalm DNA was
added to one of the tubes and {ncubation was ccntinued for 30 mlautes,
Without any period of fncubation in TM broth before addition of DRA, only

~ 0.1% of the cells transformed; with longer periods of incubation in T™

broth the proportion of transformed celle increased to a3 max{mum of about
2%. 1In severai experiments maximum competence was achieved after cells
were fncubated in TM broth for about 3 to 4 hours and this high level of
competence was maintained through the 6th hour. After that time the number

rof transformants Jdecreased 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 thetir

- growth wedfum. At hourly intervals 0.1-ml samples were removed and incu-

bated for 30 minutes with 0.1 ml of DNA and 0.8 ml of TM. 1In 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,
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TABLE 8. DEMONSTRATION OF DEVELOPMENT OF COMPEYENCE IN T B?.O‘I'Hﬁ/

Incubation

Time 4in T™ : " Transformation

Broth Before Incubation + +

Add{ition of Time with 5.1.!/.!.9.! his
DNA DRA Transformants/ml 2  Transformints/ml %
hr min
0 30 3.0 x 1 0.12 2.0x 1 0.03
1 30 3.1 x 1d* 1.3 1.6 x 1 0.67
2 30 3.7x 10* 1.5 2.6 x 10* 1.0
3 30 5.2 x 10* 2.2 3.0 x 1 1.2
4 30 4,2 x 10 1.8 3.5 x 10 1.5
[ 30 4,8x 18 . 2.0 4,6 x 10° 1.9
0 180 1.3 x 10 s.4 1.1 x 10

4.6

a. Recipient cells of strain M28-RT-M20-D1 (gly/ser” his") were grown for
18 hr in NBSG-X. Tubes concaining 0.8 ml of TM broth and 0.1 ml of
cells (2.4 x 10°) vere frcubated for the times indicated. Wild-type
DNA (0.1 ml) was added, and incubation was continued for the times
indicated. Transformants were scored on minimal 10 agar for his*
and miaimel 1 agar supplemented with histidine and 0.01% of casamino
acids for gly/sert.

Table 9 demonstrates that M138-D1 also developed competence in trans~
formation medfum. Results were similar to those obtained with the M28
series of mutante. With both types of mutants determinations of viable
cells at periods up through b hours fndfcated that the number of cellid
d1d4 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 shaking in 250-ml flasxs or 0.9-ml samples were {ncubated with
shaking in test tubes.

¥. EFFECT OF TIME OF EXPOSURE TO DNA

Table 10 shows the effect of various periods of exposure to DXA on the
number of transformants obtained. With cells that had been incubated for
an optimun time {n transformation medium, greater than 0,17 transformation
was obtained during an exposure perfiod of 5 minutes, . Between 17 and 27
of the cells wvere transformed {n 15 minutes and the number of transformants
incressed stil]l further in 30 minutes.

PUNRSE———
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TABLE 9. ATIAINMENT OF COMPETENCE DURING I TION
OF M18-D1 (ARGC" A" ) CELLS IN BL BROJ

Incubation Time
in BL Broth

Before Addition Incubation Time Transformation to ad"
of DMA ' with DNA Transformants/ml %
,hr - min ‘
0 ‘ 30 8.0 x 10° 0.006
BN I 30 ~9,0x 10° 0,07
2 30 6.7 x 18 0.52
3 30 1.7 x 10* 1.3
4 30 2.0 x 10 1.5
5 20 2.0 x 10° 1.5
: 3 30 2.0 x 10 1.5
2 120 5x 100 3.8

a. Cells grom for 18 hr {n BLSG were diluted 1:20 in BL
broth and 0.9-ul samples (1.3 x 10® cells) were incubated
in tubes, After the desfgnated 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 10°
cells per ml, indicating that the number of celis did
not change significantly during the course of the
experiment. Transformants were scored on minimal 10 -
agar supplemented with arginine. v

TABLE 10. TRANSFORMATION FREQUENCIES WIT.. CELLS oF M18-p1
' EXPOSED TO DRA FOR VARIOUS PERIODS OF TIMER:

a2,

Minutes of \ Irangformation
" Exposare ad* arg’
‘to DNA’ Transformant s/ml % Transformants/ml %
1 2, ’x 1o1 0.00003 1.8 x 10° 0.0003
5 9. 0.14 1.1 x 1° 0.17
15 1.0 x 1 1.6 e Llix1c 1.7
30 “TULL6 X 1 2.5 2.2 x 10' 3.
120 5.1 x 10 7.9 5.6 x 8.7

Cells were grown for 18 hr in BLSG, diluted 1:16 in BL broth,
and incubated S br (25 m1/250-ml1 flask). Samples (0.9 ml) con-
tatning 6.4 x 10' cells were incubated with 0.1 ml of wild-type
DNA for the indicated times. For the sample exposed 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 a argt.
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An interesting fact is that with both types of mutants, exposure to
DNA for periods longer than 30 minutes always produced more transformancs
(Tables 8, 9, ard i0). The maximum number of transformanta was obtained
vhen cells were exposed to DRA for 2 to 3 hours.

U R v oy =
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IV. DISCUSSION

e

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 originsl medium used for
‘ both types of mutants was NBSG (Iable 2) and it was later modified into
’ BLSG for the M18 rype of mutants and NRBSG-X for the M28 type, The most
i i impertant difference in the two modified medis is in the phosphate concen~ |
3
!
|

. ——

tration. Apparently the physiology of M28 type 1is such that the high

phosphate concentration, almost 0.5 M, is conducive to the development 0!
of transformable cells. Glycerol 1s an importent comstituent in the P
medium for beth mutant types, although the optimum concentratioms vary
somevhat. When glucoge was substituted for glycerol, very few if any
transformants were obtained. Glycerol 1i-uibits sporulation of B.
licheniformis® and we believe this is one reason it 1s such a critical

factor in the medium for growing transformable ceils. :

———

Except for their specificitleg with respect to xedium 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 phenotypically as
well as genotypically rcugh (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 tle
two mutant types. When the ad marker from a represantative of ome
type was Kklnnformed into a representative of the second type, the
specificity of the secoad type with respect to growth medium was not
changed. ipur hypothesis to account for the two types is that coinci-
; dentally Lp the original mutaticn resulting in auxotropi:y, a second mutaticn
e occurred *bsulting in a physfological change that rendered the cells trans- 4
formable when grown under certain conditions. According to this hypotheesis ;
this coincidental mutation would be different in the two =mtant types and

one should be able to transform one type to the other. We have not tried
to do this,

SRR DL
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Although, according to transformation tests, _ompetence developed
during incubation of cells in transformation medium and persisted for
several hours, the number of transformants that could be cbtained in any
3C-minute perfiod of exposure to DNA during the hours of maxlmm competence
\ was never as high as the number that could be obtained by using longer
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_ as a result of cell division (growth) of the transformants; this was rvled - - — -

hours after onset of the stationary phase. When a potentially ccompetent

achieved competence toward the end of the logarithmic growth period;

© medium that did not support growth of the auxotrophic cells,

20

periods of exposure. This is interpreted to mean that populations of cells
were heterogeneous with respect to development of competence and that during
incubat{on in transformation medium some cells gained competence while
.others lost it, When DNA was present for a long period of time, cells

were tranaformed as they became competent and transformants accumulated
throughout the perfod. Fowever, when expoeure to DNA was held to &

shorter perind, only those cells that were competent at the time were
transforned, Alternative possibilities are that individual cells gained, .
lost, and regained ccmpetence in cycles, or that some cells took up DNA }
much more slowly than other cells, An obvious possibility is that during

longer periods of exposure to DNA the number of transformants increased

out in experiments in which continued incubation of transformation mixtures
for seversl hours after deoxyribouuclease treatment did not reault 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 cella developed a condition that rendered them potentially
competent. Although cultures exhibited this condition to some extent for
several hours, the maximm 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
coupetence itself is understood. The situation is somewhat, but not com-
pletely, analogous to that in the Bacillus subtilig transformation systmnf.
Cultures of B. subtilis strain 168 reached the condition of maximum potential
competence during the late logarithmic growth period; cultures of trans-
formsble mutants of B. licheniformis did notreach this stage until several

culture of B. subtilis was diluted 1:10 in a second growth medium, cells

cells of potentially competent cultures of B. licheniformis developed
competence during fwcubation in a completely synthetic transfcrmation
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