41

STUDIES ON THE TRANSFORMATION OF
STREPTOMYCIN—DEPENDENCY IN STAPHYLOCOCCUS*

RonGg YANG WU
(Received Dec. 1, 1967)

Introduction

In 1928 Griffith deseribed the first successful genetic transformation of
capsular type in Diplococcus pneumoniae. In 1944 Avery et al. showed that the
transforming agent is deoxyribonucleic acid (DNA). Up to now, transforma-
tion phenomena have been observed in various bacteria such as: Diplococcus
DPneumoniae (Avery, 1944), Haemophilus influenzae (Alexander and Leidy, 1951),
Shigella paradysenteria (Well, 1947), Bacillus subtilis (Spizizen, 1958), Rhizobium
(Balassa, 1963), Neisseria meningitidis and various MNeisseria (Catlin and Cun-
ninghan, 1960, 1961). The transformation reactions between Preumococcus and
Streptococcus were reported by Braco ef al. in 1957. The transformation of
Streptococci to streptomycin resisance wtih DNA from homologous and heter-
ologous strains of streptomycin-resistant Streptococci and §treptomycin-resistant
Pneumococct were reported by Perry and Slade in 1962. & The effects of inter-
specific transformation on the linkage of various antibiotic-resistane marker of
Haemophilus influenzae and Haemophilus parainfluenzae were reported by Nicket
and Goodgal in 1964. But there is no report of transformation of Staphylococcus.
Therefore in our laboratory, we used the streptomycin-dependent Staphylococcus
as marker for transformation. However the transformation of Staphylococcus
failed when recipient cells was not pretreated.. On the other hand when they
were properly treated with penicillin G, a successful trnsformation was obtained.
The results of this are reported in this paper.

Materials and Methods

Bacterial strains. Staphylococcus aureus 209D designated as wild type was
used for the recipient cell. As shown in Table 1, the wild type does not grow in
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streptomycin concentrations higher than 5 ug/ml. Streptomycin-dependent
Staphylococcus aureus 209 p designéted as S-d type was used for the donor cell.
It was obtained from the wild type by Lederberg’s (1952) spontaneous mutation
and selection method. As shown in Table 1, it can not be propagated on solid
mgdia containing a streptomycin concentration less than 5 ug/ml. »

'DNA preparation. DNA was extracted from S-d type. A 50 ml quantitﬁr
of 12-hours cultures of S-d type was prepared in brain heart infusion medium
(B.B.L.) containing 1,000 ug/ml of streptomycin. Then it was inoculated into
1,000 ml of the the same medium and incubated for 12 hours at 37°C. Sodium

Table 1. The response of wild type and streptomycin-dependént type of
Staphylococcus aureus 209p to various streptomycin concentrations

Streptomycin Growth

Conc. (pg/ml)

Wild type S-d type

0 H -
0.05 '
1
25
5
75 - +

10 ) . _ H-

25 - — -

100 ; - W

HF
#

+ i E *E
1

1,000 -
10,000 -
80,000 R BT

100,000 - ‘ +

Wild type: = Staphylococcus aureus 209p wild. type
S-d type: . Streptomycin-dependent type, isolated from the wild type by the spontaneous

mutation and selection method,

Incubation period: 37°C for 24 to 48 hours.
—: No colonies .
+: Few colonies
+: More colonies than + .
H+: Many colonies; same as the maximum growth in the control which

had no streptomycin.

citrate was added (0.05 M) at the end of the growth period to inhibit deoxyribo-
nuclease action. Cells were harvested by centrifugation and then washed four
times with a solution containing 0.1 M sodium chloride and 0.015 M sodium
citrate: Then, 32 grams of the washed cells were treated according to the method
of Blabel (1961). The yield from this extraction method was 6.7 mg Qf DNA.
The final DNA was sterilized by precipitation with ethanol overnight, after
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the DAN was redissolved in 10 ml of normal saline solution. - The sterility of
the DNA was checked and in no case was contamination observed. Stock solu-
tions of DNA were kept at 4°C.

Medium. Nutrient broth (Difco) was used” for the experiments. The
streptomycin-resistant type (designated as S-r type) and S-d type were grown
on streptomycin supplemented nutrient agar. The preparation of streptomycin
nutrient agar plates for S-r type, S-d type and for transformation reactions
was as follows: a test tube containing 10 ml of nutrient agar was sterilized and
after cooling to 50°C, sufficient dihydrostreptomycin sulfate was added to reach
a final concentration of 1,000 xg/ml, then it was poured in to petri dishes (9
cm. in. diameter). '

Chemicals. The streptomycin used in this study was crystalline dihydro-
streptomycin sulfate, purchased from the Takeda Company, Japan. The pén-
icillin G used in this study was crystalline penicillin G sodium, purchased from
the Banyu Company, Japan. The penicillin G was diluted in a pH 7.0 phosphate
buffer solution. ‘

Preparation of competent cells. Highly competent cells of staphylococcus were
obtained following penicillin G treatment. The wild type was grown on a
nutrient broth at the ratio of one loopful of bacteria to 100 ml of nutrient
broth, then it was incubated at 37°C with shaking for 12 hours. Then 10 ml.
of the bacterial suspension was poured into test tubes. Next 0.1 ml. of the
various concentrations of penicillin G solutions was added to each test tube so’
as to adjust. penicillin G qoncentration to 0, 1, 10, 50, and 100 wunits per ml.
Then each tube was incubated in water both at 37°C for different intervals of.
time: 0, 10, 30, 60, and 120 minutes respectively. Then the bacterial suspension
in each tube was washed twice with 10 ml nutrient broth containing 10% glu-
cose by centrifugation at 3,000 rpm for 15 minutes. '

Tmns'f’ormation procedure. The competent cells were suspended in 10 ml
of transformation nutrient broth, then divided into two tubes each coﬁ‘taining
5 ml. One tube was used for transformation reaction and the other was used
for viable cell counts: 0.1 ml of various concentrations of DNA was added to
each tube. The mixture was incubated at 37°C for different intervals of time:
0, 10, 30 minutes, etc. Then it was treated with deoxyribonuclease at the same
concentrations as DNA was added at 37°C for 30 minutes to digest the free
DNA. After washing twice with nutrient broth containing 10% glucose byV
centfifugation at 3,000 rpm for 15 minutes, the cells were inoculated on nutrient
agar plates which contained 1,000 zg/ml streptomycin by over-lay-technique.
After incubation of 24 to 48 hours at 37°C, colonies of S-r and S-d variant types
grew in a randomly mixed fashion on the same plate. The purification of S
and S-d types was performed according to the method of Chiu (1964). The S:d
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colonies thus obtained by the purification were cultivated on nutrient agar
plates containing a concentration of streptomycin 1,000 zg/ml at 37°C for 18
hours. The harvest was washed with normal saline solution ten times and then
inoculated on the media without streptomycin and the media with streptomycin
1,000 1g/ml so as to make sure that they were strepromycin-dependent. The
other tube to be used for viable cell count was washed with normal saline
solution once and-then inoculated on the nutrient agar plates without strep-
tomycin.

Sensitivity tests. S-r types and S-d types were obtained by transformations.
This experiment was designed to investigated how many properties the trans-
formed cells received from the donor cells. Only 10 colonies of S.-d type and
S-r type were selected at random. They were cultured on an agar slant con-
taining 1,000 zg/ml streptomycin for 18 hours. After the cells were harvested,
they were washed ten times with normal saline solution in order to remove
the streptomycin. The cells were then cultured on media containing various
concentrations of strptomycin, and incubated for 24 to 48 hours. The shape and
cell growth of the coloeies on media containing various coheentrations were
boserved with the naked eye. ‘

Calculation of transformation frequency. The transformation frequency
was calculated by dividing the number of colonies of S-r type or S-d type
obtained from transformation with the number.of total cells in viable cell
counts. For example, if the number of total cells-is 3.5 X 10% and the number
of transformed S-r colonies is 6, then the freque.ncy of transformation for

Qg 6 _ -
S-ris m = 17x% 108

Back mutation rate of S-d type. A slant culture of S-d type on the medium
containing streptomycin 1,000 xg/m! was harvested and washed in 10 ml normal
saline solution. The suspension was inoculated in streptomyein medium at the
rate of 0.1 ml on each plate. The colonies on these plates were subjected to
purification procedure and sensitivity test. From the number of colonies of
back mutant and the number of total cells the back mutation rate of S-d type
was calculated. ‘

Result

The optimal conditions for obtaining competent célls were obtained by
treating the cells with various penieillin G concentrations for various durations.
As shown in Table 2, when penicillin G was at concentrations of 1 unit/ml to
10 units/ml. It was. observed that the longer reaction time used the higher
frequence of transformation was obtained. However it was noticed that peni-
cillin G was at concentrations of 50 units/ml to 100 units/m! showing that. the
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Table 2. The relationship between frequency of transfomation and
various concentrations and durations of treatment of penicillin G
in Staphylococcus aureus 209p wild type.

Frequency of transformation

Pen. Conc. Time
(unit/ myl) (min.) Total cells f S-r ' Sd
0 0 3.5%10° 1.7 % 10-8(6) 0
10 4.1x108 1.5 % 10-8(6) 0
30 4.3%10° 2.9x10-5(8) 0 "
60 4.9% 108 1.4 x 10~8(7) 0.2x10-8(1)
120 5.2x 108 1.7 % 10-8(9) 0.19 x 10-5(1)
1 0 32.2x107 0.2%10~7(8) 0.031x10-%(1)
10 13%107 26.10 x 10-7(38) - 0.15 % 10-7(2)
30 1.2% 107 70.00 x 10-7(84) 6.67 x 10-7(8)
60 1.0x 107 119.00 x 10-7(119) 2.00%10-7(2)
120 1.0x 107 128.00 % 16-7(128) 4.00x 10-7(4)
10 0 31.8 % 10° 1.16 % 10-8(37) 0.09 % 10-8(3)
10 5.2 x 108 22.70 X 10-5(118) 1.10% 10-5(6)
30 1.7 % 108 99.40 % 10-9(163) 10.58 x 10—¢(18)
60 1.2x 108 45.60 x 10—5(56) 10.00 x 10-5(12)
120 0.4x 10° 200.00 » 10~8(82) 31.70 x 10-4(13)
50 0 206 % 10° 2.23 x 10-5(46) 0.19x10-5(4)
10 8.6 % 10° 14.10 x 10-5(122) 1.70 x 10-5(15)
30 1.2% 107 17.50 % 10-5(21) 1.60  10-5(2)
60 3.2x10° 4.06 % 10-5(13) 0.30 % 10~5(1)
120 3.1%10° 4.50 x 10-5(14) 0.30 x 10-5(1)
100 0 18.4% 108 4.20x 10-%(78) 0.70 x 10-5(13)
10 3.3 x 10° 7.00 % 10~5(23) 0.30 % 10-%(1)
30 2.8 % 10° 6.07 x 10-5(17) 0.35x 10-%(1)
60 1.2% 10° 6.60 x 10-5(8) 0 (0)
120 - 1.0% 10 6.00x10-5(6) 0 (0)

The numbers in brackets show the unmber of transformed colonies.
Inoubation period: 37°C for 24 to 48 hours.

Penicillin G was diluted in a pH 7.0 phosphate buffer solution.
Media were nutrient ager plates with 1000 pg/ml of streptomycin.
DNA concentration: 10 pg/ml
DNA reaction time: 30 minutes
Frequency of transformation; number of traneformed colomies+number of total cells

longer the reauion time used the lower frequencyly transformation was the

result.

The relationship between penicillin G concentrations and the reaction
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duration was found to be infrersély proportional to one another. For example,

at a penicillin G concentration of 1 unit/ml, the highest frequency of trans-
formation was observed to be 128 x 17-7 for S-r type in 120 minutes and the
lowest frequency was observed to be 0.031 % 10-7 for S-d type in 0 minutes.
At a penicillin G concentration of 10 units/ml, the highest frequency of trans.
formation was observed to be 31.7 X 10-¢ for S-d type in 120 minutes, the lowest
freguency was observed to be 0.09 X 10-° for S-d type in 0 minutes and 1.16X

10-¢ for S-r type in 0 minutes. At a penicillin G‘concentration of 100 units/ml
the highest frequency of transformation was observed to be 0.7 X 10~° for S-d
type in 0 minutes and 7 X 10-° for S-r type in 10 minutes and the lowest fr-
equency was observed to be 0 X 10-% for S-d type in 120 minutes and 6 X 10-°
for S-r type in 120 minutes. Why did the highest frequency of transformation
take place with the penicillin G concentration of 100 units/ml at 0 minutes for S-d
type. It may be that penicillin G has some effect on the cells during centrifu-

gation.  In this experiment no S-d type cells were observed in the control tubes
which were not treated with penicillin G, i. e. tubes of penicillin concentarion 0.

From Table 2, it can be noted that the most successful transformation took place
when the cells were pretreated with 10 units/ml penicillin' G for 30 minutes.

Henceforth, this optical condition was used in the following experiments.

As shown in Table 3, the different concentrations of DNA were added to

the recipient cells which were pre-treated with 10 units/ml penicillin G for 30
minutes. When the cells were not exposed to DAN, no colony of S-d type was

obtained. When the cells were exposed to 1 uzg/ml of DNA for 30 minutes, the

frequency of transformation was obtained at 45 X 10_,6 for S-r type and 14

X 10—% for S-d type. Whereas those exposed to 100 ﬂg/ml of . DNA for 30

minutes showed a frequency of transformation of 33.6 X 10-¢ for S.r type

Table 3. The relationship between the incidence of transformation
and DNA concentration.

)

DNA concentraion ’ Frequency of transformation
(pg/ml) Total cells Sr Sd
: x 108 x 10-8 x 10—%
, - 35 1.1 (4) 0 (0)
1 3.5 . 45 (157) . 14 (5)

10 3.7 : 31 (126) 24 (9)
50 : 3.4 a7 (42) 3.4 (12)
100 3.9 33.6 (131) . © 35 (14)

The numbers in brackets represent number for transformed colonies,

Incubation period: 37°C for 24 to 48 hours. v )

The recipient cells were pre-treated with 10 units/ml penicillin G for 30 minutes.
DNA reaction time: 30 minutes . )
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and 3.5 X 10~° for S.d type. It is evident that the number of transformants
obtained is directly dependent upon the concentrations of DNA, the transforma-
tion can occur at DNA concentration of 1 pg/ml
The data in Table 4 demonstrate that within 30 minutes of DNA exposure
time, the transformation can reach its maximum with 10 ug/ml of DNA, when
- the recipient cell is pretreated by 10 units/m! penicillin G for 30 minutes.

Table 4. The relationship between incidence of transformations
and DNA dumtz'ons.

Time Frequency of transformation
(min.) Total cells S-r S-d
x 108 10-¢ 10-6
0 1.28 2.3 (3) 0 (0
10 1.23 33.3 (41) 33 (4
30 1.37 86.9 (119)° 1.7 (16)
60 2.26 63.7 (144) 7.96 (18)
120 1.52 76.3 (116) 86 (13)

The numbers in brackets represent number of transformed colonies.
. Incubation period: 37°C for 24 to 48 hours.
The recipient cells were pre-treated with 10 units/ml penicillin G for 30 minutes,

Table 5 shows the sensitivity test of S-d type obtained by transformation.

Table 5. The responses of streptomycin-dependent tvpe obtained by
transformation to various streptomycin concentrations

Sm. Conc. Strain No.
{ng/ml) 1] 2| 3| 4| 5] |7 8 | 9 | 10
0 —_— —_— — . —_— — — — ._.i: —
0.01 to
01 - - | - - = = - = | & | %
0.5 S - | - - | = = R TH
1 T =N ERC (N Ut PO IUR IRYUR (TR INTE
5 e + + + + 4 S A Hi
10 + N i T | T TN T B/ SO A T
50 Ho AW e ] e e | |
o : 100 L T N I | TS A T S 1
to
10,000
50,000 S S O T A I L I (et
200,000 + + + Folox | + + F

Incubation period: 37°C for 24 to 48 hours.
—: No colonies
~ +: Few colonies
4+ More colonies than-+-
44: Many colonies, same as the maximum growth in the control which contained no
streptomycin, )
4:. Few, very small celonies
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The test strains of S-d type from No. 1 to. No. 8 have similar action on stropo-
mycin as a donor strain. However, No. 9 and No. 10 show some difference in
that they can continue to grow at streptomycin concentrations of 0.01 ug/ml.
Table 6 shows the sensitivity test of S-r type obtained by transformation.
The test strains of S-r type from No. 1 to No. 6 have more or less the
same reaction on streptomycin concentrations of 0 ug/ml to 100,000 uxg/ml.
However, No. 1 to No. 6 received higher resistance to streptomycin through
the transformation of DNA from the donor cells. The strains No. 7, 8 and 10
all have the same response to streptomycin but the response is lower than No.
1 to No. 6 as they cannot grow in 5,000-100,000 ug/ml of streptomycin media.
The strain No. 9 is essentially an intermediate between S-d type and S-r type.

Table 6. The responses of streptomycin-resistant type obtained by
transformation to various streptomycin concentvations.

Sm. Conc. Strain No.

(ng/ml) 1 1 2 3 | 4 1 5 1 6 | 7 f 8 ’ 9 i 10
0 ST i H i H s + + 1
0.01 T I I e R R 1T i3 + o
0.1 H e R I B O HH i . 4
0.5 R T O B # + e
1 1 R T A 11 S I BT R I 1% 4 i
5 HH Wl W N R + H
10 H Heo| Ho R | N S
50 I | T o oo |

100 O] A | W + I R
1,000 I e N A A + 4 Hh +-
5,000 o Bl e ] e e | & + i +
10,000 W o0 H W & + H +
50,000 + Ho + + H & + +# —
100,000 - + H £ -+ -+ == =+ o4 —

Incubation period: 24 to 48 hours at 37°C.

—: No colonies

+: Few colonies .

-H: More colonies than +

H#:  Many colonies, same as the maximum growth in the control which had no strep-
tomycin. ' :

+: Few, very small colonies

To summarize, both the streptomycin dependent types and the streptomycin-
resistant types can be obtained if DNA of the streptomycin-dependent type is
employed in the transformation reactions. ,

The spontaneous mutation and selection method was employed to isolate



Wl

Jan., 1968

Wu—Streptomycin-dependency in Staphylococcus

63

the strepptomycin-resistant type and the streptomycin-dependent type fi‘om the
wild type. The results and mutation frequency obtained are recorded in Table
8. A comparison of Table 8 with Table 2, 3 and 4 shows that the spontaneous
mutation frequency of S-r type was 1 X 10-% but that the frequency of trans.

formation of S-r type was 1 X 10~% to 1 % 105,

The frequency of spontaneous

mutation of S-d type was 7 X 10~? but the frequency of transformation of S-d
10-5. The results showed that the frequency of trans-
formation of S-d type was 1 X 10° time more than the frequency of spontaneous

type was 1 X 10-% to 1 X

Table 7. The responses of back mutation strains from the streptomycin-
dependent type to various streptomycin concentrations.

Sm. Conc. Strain No.
(ng/ml) 1 [ 2 | 3 ] 4 5 6 l 7 8 ’ 9 \ 10
0 Hr H e H H HE Hh i Hr R
0.1 HH HH Hr i HE iy an 4 H at
L I I I O (R I
5 HO| | | el || H +
10 H Ht H HE + - - T "
50 O L R o S B B
100 [T TR U I I R R R A
500 +- + ES & & + 4 — — —-
1,000 + + * + + * 4 - - -
10,000 + *+ * + - - - - -

Incubation period: 37°C for 24 to 48 hours.

—: No colonies
+: Few colonies

+: More colonies than -+
{+: Many colonies, same as the maximum growth in the contrel which had no strep:

tomycin,

+: Few, very small colonies

Table 8. The mutation rate of resistant tvpe and dependent type by
the spontaneous mutation and selection method

Mutation rate
Exp. No. Resistant type ‘ Dependent type Total No. of
x 106-8 % 10—° cells x 108
1 1.1 (138) 0 1.24
2 1.16 (163) 7 (1) 1.41
3 1.04 (133) 0 1.29
4 1.04 (124) 8.3 (1) 1.20
5 1.00 (122) 0 1.13
6 0.98 (134) 0 1.38

The number in brackets show the number of colonies, .
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mutation and the frequency of transformation of S type was 1 x 16* to 1 X
10* times more than the spontaneous mutation rate.

The back mutation rate of S-d type was calculated to be 1.3 x 10-19, which
is lower than the frequency of spontaneous mutation of S-d type 7 X 10-% Ten
strains were selected from the back miutants, and their responses to streptomycin
are shown in Table 7.

Discussion

The mechanism of transformation has been studied in great detail in Pue.
umococcus, Haemophilus, Bacillus subtilis, Streptococcus and Rhizobium, and in
these organisms the following stages have been distinguished: 1) development
of competent bacteria, 2) adsorption of DNA on the bacteria surface, 3) penetra-
tion of DNA, 4) genetic integration of the transforming marker, and 5) exp-
ression of the new phenotypes. In these processes, the most important stage
is the development of competence.

‘ Avery (1944) showed that the competence in Preumococcus occurs in the
latter half of the logarithmic phase of growth. Spizizen et al. (1950) also
observed that this is the same period in which competence is acquired in Ba-
cillus subtilis. Similarly, Haemophilus influenzae reaches its highest peak of
competence during the early stationary phase (Alexander and Leidy, 1951).
Perry and Slade (1962) showed that optimal competence in Streptococcus was
attained in the early logarithmic phase. Balassa showed that the competence
in Rhizobium occurs in the teginning of the exponential phase of growth. The
mest propitious moment is in the first two divisions after the latent phase.
But there is no transformation in Staphylococcus aureus 209p, when exposed to
DNA at various stages of growth. However, Staphylococcus aureus 209p can be
made competent by treatment either with a low concentration of penicillin G
for a long period of time, or with high concentration for a short pericd of time
in the logarithmic phase growth. The maximum transformation was obtained
after incubation of the cell at 37°C for 12 hours followed by treatment of the
cells with 10 units/ml to 50 units/ml of penicillin G for 30 mintes. According
to the reports of Donald and Straminger (1965) and wise and Park (1965),
penicillin G has a selective action to gram.pesitive micrcorganisms, because it
inhibits the enzyme acting on the glycose sugar unit of the high-energy uridine
pyrophosphate compound of Staphylococcus, and it inhibits the action of gly-
cosidase, thus prevents the cell wall formation. The data in Table 2 indicate
that the lower penicillin G concentrations with a lenger reaction time can cause
incomplete cell wall formation. Therefore, this enables the DNA to penetrate
the cells, leading to successful transformation. The possibility exists that
enzymes and physical barriers play a prominent role in the transformation of

e
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some bacteria. The use of additional markers, the screening on a large number .

of strains, and the study of optimal conditions may result in transformation of
other kind of organisms.

-According to the report of Alexander and Leidy (1951), the minimal require-
ment for DNA was 0.3 u#g/ml to 0.03 p#g/ml for the transformation of Haem-
ophilus influenzae in three minutes. According to the report of Avery (1944),
the concentration of DNA required for trangformation of Pnevmococcus is 0.06
pg/ml with a reaction time of 30 minutes. In this experiment, the transforma-
tion took place at DNA concentration of 1 gg/ml, and the transformation fre-
quency increased with the increase of DNA concentration. Thé optimum con-
ditions for transformation were found to be a concentration of 10 xg/ml of DNA
with a reaction time of 30 minutes.

The streptomycin-dependent type was isolated from the wild type. It does
not grew in the absence of streptomyecin, but it grows very slowly in a mediam
containing 10 ug/ml of streptomycin, and does not attain a maximal rate of

-growth until a concentration of 1,000 ﬂg/ml is reached.

The genetic analysis of streptomycin-dependent mutants in E. cofi, Salmonella
typliimurium and Rhizobium have revealed the existence of complex locus. Ac-
cording to the reports of Balassa (1963) in Rhizobium dependence is controlled
by two regions of the streptomycin-resistance locus, one of which confers re.
sistance upon the bacterium, the other confers dependence. This situation was
similar in Staphylococcus, as shown in Tables 2, 3, 4, 5, 6, 7. Transformation
of the sensitive strain with DNA from the dependent mutant produced several

types of transformed colonies, resistants and dependents. The transformation .

was analyzed according ‘to the method of Balassa (1963). The result is the same
as being obtained: by Balassa (1963). '

DNA of the streptomycin-dependent strain can, therefore, transfer either
resistance to a low concentration of streptomycin, or the entire resistance of
the donor strain, or more. rarely, dependence itself.

Summary

1. Staphylococcus aureus 209 p could become competent by treatment either with
low concentrations of penicillin G for a long period of time, or with high
concentrations for a short period of time in the logarithmic phase of growth.
The maximum transformation was obtained by treating cells with 10 units/
m! of Penicillin G for 30 minutes. ;

2. The transformation could take place at DNA concentration 1 pg/ml, and the
transformation frequency increase with the increase of DNA concentration.

3. The optimum condition for transformation was found to be a concentration
of 10 p#g/ml of DNA with a reaction time of 30 minutes.
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4. Both streptomycin-dependent type and streptomycin-resistant type occurred
in the transformation by DNA of streptomycin-dependnt Staphylococcus aureus
- 209p to the wild type.
The frequency of transformation of streptomycin-dependent type was 1 X 10°

o

times more than the spontaneous mutation rate. The frequency of trans-
formation of streptomycin-resistant type was 1 X 10! to 1 X 10* times more
than the spontaneous mutation rate.

6.. In the transformations, the amount of streptomyin-resistant type was 10
times more than streptomycin-dependent type.

7. It was found that 802 of the streptomycin-dependent colonies transformed
by DNA had a similar response to sireptomycin as the donor cells, and 202
of these showed a different response.

MBARRM N ARG H BB Z AR

1. &EEEHRIRE 2090 (Staphylococcus aureus 209p) feRBEH (loga i-
thmic phase) FIEHREMRETIH G (penicillin G) FRAHEREE » SR B R R »
WS EER (transformation) 1 competent cell o BB E BB A 10 units/ml
BB FEPEAE G B30 6 ©
2. B DNA ZEPFER 1 pg/ml BETEBRELE » IEERE DNA B 2@
%Ko ;

3. WHEBHREHEANESSL DNA 10 pxg/ml E3054 o

4, BEMGE BRIEM:S I BN ERE  (streptomycin-dependent  Staphylococcus

aureus 209p) iy DNARMETHIF M (wild type) FraEBSEMSRHIEMAY (streptomycin-

dependent type) RILHpE:z (S’treptomycin-resistant type) T BT B A IRERE ©

5. BIRMATEEH R IR R AA2e B (spontaneous mutation rate) &y
1,0004% » (PRI EEESR AR RE RIS B ARSI 2 103810045 o

6. EETPEESEE SRS 104E o

7. BHEESPTE MR » Hirh 802 BISEMSR 2 K ER donor cell MR » Hak 20
2o B RNIBE R R B IE ©
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