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ABSTRACT

The deaxyribonuclease activities of culture supernatert fluids and
crude sunic extracts of verious suuitrains of Escherichia coli are
reported, The assay methods consisted of measuring the destruction of
- travsforuing Becillus licheniformis DNA, and the appearance of acid-
soluble miterials absorbiug ultraviolet light at 260 mu.

Culture supernatants of F' and Hfr strains in most cases inactivated
traneforming DRA to a greater extent than supernatants of ¥ strains.
Senic extrects also destroyed transformiry DNA and no difference in
activity was noted smong F~, Ft, and Hi: strains. Acid-soluble materials
abzorhing ultraviolet light at 260 my increased slowly when all extracts
wera incubated with calf thyeus DNA. Calf thymus DNA protected trans-
forming DNA from destruction in the presence of cell-iree extracts.

The rspid destruction of transforming DNA by culture supernatants -
and cell-free extracts and the slow appearance of acid-soluble materials
suggest that extracellular and intracellular endonuclease activity is
responsible for the observed effects.




ENDONUCLEASE IN CULTURE SUPERNATANTS AND CELL~FREE EXTRACTS
OF E. COLI Kl: STRAIN:

Extracts of Escherichia coli 3 possess several exonucleases and an
endonuciease that have been extensively studied by Richardson et a..
and by Lehman et al.,” 1In addition, a new phage-related exonuclease has
beei, found bv Ror szl Waleshach ® 4n ~ccocfation with the fnd_tfon of
A phage development in E. coli Kl2.

The recent survey by Rothberg and Swartz,’ for extracellu  r DNAase
in members of the Enterobacteriaceae failed to produce evidence of
extracellular activity among 182 strains of E. coli tested, using the
agar plate method for determining hydrolytic activity on DNA.

Our experiments report the deoxyribonuclease activities of culture
supernatants and crude sonic extracts of various substrains of E. coli
K12. The major assay method measured the d¢struction of transforming
Bacillus licheniformis DNA by such preparations. Other methods studied
the effect of sonic extracts on ca.f thymu: deoxyribonucleic acid, using
the increase in acid-soluble materials abscrbing ultraviolet light at
260 my as the indicator of activity, and the protective effect of calf
thymus deoxyribonucleic acid on transformiug DNA in bioclogical assay.

Table 1 describea the effect of culture supernatants of various
strains on transforming B. licheniformis DNA. E. coli strains were
incubated overnight in L broth of Luria and Burrou;:'—lhen diluted 1:10
in fresh L broth and incubated 3 hours ith shaking at 37 C. At that
time, 2-ml amounts were incubated at 37 C with 32 ug of B. licheniformis
9945A rransforming DNA for 3 hours. The cultures were then centrifuged
and the supernstants were removed, heated to 65 C for 30 mi~.ces to kill
remsining viabie cells, and stored . ernight at 4 C. The supernatant-DNA
i mixtures were diluted 1:10 by adding to competent cells of B. lichepiformis
! ' 99454, which roquiro glycine and histidine. Tne transformation technique
‘ - of Thorne and Stull® was followed.

Table 1 records the per cent of transformants arising on miniwal agar
supplemented with glycine after exposure to DNA that had been incubated
with the E. colf supernatants as compared with coitrols with untreated DNA,

{ The strains have been grouped according to the state of the fertility
factors. Notice that the effect of the supernatancs on the transforming

DNA causes & vast reduction in the number of transformants, and that the
dogree of reductfion depends in most cases on the presence or absence of

the fertilfty factor. The notable exceptions are strains AB-359 (F~) and
Hfr C. The presenca or absence of the fertility factor in these two strains
was reconfirmed by msting experiments.
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An sopmry

TABLE 1. DESTRUCTION OF TRANSFORMING ACTIVITY

OF B. LICHENIFORMIS DNA BY cvmm;
SUPERNATANTS OF E. COLIL STRAINS3

Fertility

State Strain Per Cent Survivaﬂl/

P AB-6 6.7
M54 8.4
AB-334 14.0
AB-359 0.4
L-12 (X3) 100.0
w-1177 68.0

¥t W-1485 0.05
M-65 0.004
L-23 0.012

Hfr M-23-Hfr B 0.002
AB-311 0.04
Hfr C 10.0
AB-312 1.2
M-12-Hfr & 0.022
P4X6 0,028

a. Incuba..on time, 3 hours.
b. Compared with untreasted DNA controls.

Since this experiment messures the extracellular DNAasse activity of
culture supernatants of K12 substrains, it appears that strains possessing
the fertility factor, f{a efther the Hfr or P+ states, discharge wmore
enzyme Or 4 mors sctive enzyme irnto the madium.

Table 2 describas the intracellular DNAase activitieo of the same
strains, Extracts were prepared from cultures that were incubated 6 hours
in the absence of transforwming DMA. The calls were washed once with 0.01 M
phosphate buffer, pH 7.0, were resuspended in buffer t. one-fourth or one-
tenth of the original volums, and were then broken during 12- to 20-minute
traatwents in a 10-kc Ravtheon somic oscillator. The cell debris was
passed through a sintered glass filter and stored at & C until used. The
activity of the extracts did not decrease during storsge perfods of several
weeks.




TABLE 2. DESTRUCTION OF TRANSPORMING ACTIVITY OF B. LICHENIFORMIS
DRA BY CELL-FREE EXTRACTS OF E. COLL STRAIKS

Fertility Per Cent Survival.!/ after Incubation for
State Strain 0.5 hr 1.5 hr 2.5 hr
| AB-6 0.6 0.4 0

M-54 1.3 0.02 0
AB-334 0.04 0.0015 0
ak~_59 n.Ee o o)
L-12 (x3) 1.4 0.84 0.14
w-1177 0.8 0 0
rt W-1485 0.48 0.04 0
M-65 0.7 0 0
L-23 0.35 0 0
Hfr M-23-Hfr H 0 ] 0
AB-311 0.25 0.02 0
Bfr C 3.4 2.5 0.7
AB-312 0.033 0 0
M-i2-Hfr & 0.4 0.06 0
¥ -18-P4X6 0.2 0 0
Rir 4-P2 0.13 0 0

a. Compared with untreated DNA conirols.

Yor the asssy, one ml of extract was i{ncubated wvith shaking at 37 C
with 16 ug of transforming DNA and assesscd perfodically for remaining
transforming ectivity, The mixtures of extract und DNA were then dfluted
1:10 by addition to compstent cells, and the trassformstion procedure vas
followed. Protein cou;entntian of the extracts was deteruined by the
mthod of Lovry et »1." snd varied from 2.07 to 9.92 vg/. ..

The data cn Tadle 2 record the inactivation of transforming DMA during
incupation with the extracts. The results show that intracellulsr DiMAases
ara present in all the strains tested and that the degree of destructfon
of transforming DNA {s not related to the presencs or absence of the
fert{'ity factor. The extract of strain L-12 (F) was the le.st destruc-
tive, vhich was also true in the experimmnt iaovolving supernstants.
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Table 3 describes an experiment that approaches the problem differently.
The degradation of calf thymus DNA by the sonic extracts forming products
soluble in cold 0.5 N perchloric acid was measured. For the assav, the
sonic extracts were diluted 1:6 and were incubated with 200 ug/mi of calf
thymus DNA in the presence of 0.01 M phosphate buffer, pH 7, and 0.02 M
MgSO, for up to 24 hours. They were then diluted 1:20 in buffer, an equal
volume of 1 N perchloric acid vas added, and the mixtures were placed at
4 C for 15 minutes. This treatment was followed by centrifugation, and
the optical densities of the supernstants were determined at 260 mu in
a Beckman DU opectrophotanfter. The procedure was & modification of that {
used by Richardson et al.,” for the autolysis of cell extracts.

A R T g
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TABLE 3. RELFASE OF COLD PERCHLORIC ACID SOLUBLF MATERIAL
X AFTER INCUBATION OF CALF THYMUS DNA
WITH E. COL] EXTRACTS FOR 24 HOURS
Fertility
! ; State Strain O OD Extrzct + DNA - A OD Extract Alone
’» 4
f i F" AB-6 0.155
‘ % -S4 0.171
1 AB-334 0.075
AB- 59 0.085
¥ L-12 (K3) 0.042
: w-1177 0.106
L W-1485 0.090
bk M-65 0.083
L-23 0.047
Hfr M-23-Hfr B 0.004
AB-311 0.036
H Hfr C 0.075
' AB-; 0.055 1
M-12-Hfr & 0.056
N-18-P4X6 0.073
Hfr 4-12 0.078
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The differences between the control and extracts incubated with DNA
indicate a definite increase in acid-soluble products when the extracts
were Incubated with DRA. The formation of acid-soluble products was very
slow in the extracts, requiring 20 to 24 hours incubation under aseptic
conditions. The increase did not seem to be dependert on the presence
or abgence of the fertility factor in the strains. Strain AB-6 (F-)
showed one of Lhe greatest increases in acid-soluble products, which
occurred on three different occasions, and might indicate that this strain
produces more enryme than the other strains.

The assay just described finvolved sonic extracts diluted 1:6, whereas
the transformation experiments employed undiluted extracts., For a few
experiments, extracts have been diluted as much as 1:100 and then incu-
bated with trangforming DNA. Such an experiment is described next.

The experiment described here reflects the protection of transforming
DNA by calf thymus DNA in the presence of a sonic extract of strain W-1485
(F+). The extract was Jiluted 1:100 with 0.01 M phosphate buffer, and
then incubsted for various periods with 40 or 80 ug/ml of calf thymus DNA
and 6 ug/ml of transforming DNA. At intervals the nixtures were further
diluted 1:10 with competent cells and the transformation procedure was
followed. Pigure 1 illustrates thset calf thymus DNA is able to protect
transforming DNA from the rapid destruction illustrated by the control
curve, and adds more evidence to our assumption that destruction of trans-
forming DMA is due to DRAage activity. Classical competition between the
two kinds of DRA was evident in controls containing no extract. The con-
trol transformation rates were reduced as a function of the concentreiiua
of calf thymus DNA; however, the competitive effect was clearly distin-
guishable from the inhibition of destruction of rranaforming sctivity by
the DRAase.

Although transforming DNA Ls rapidly reduced by cell products and somic
extracts of K12 substrains, the appesrance of perchloric acid-soluble
products in extracts incubated with calf thymus DEA is extremely slow.
These observaci_ ns suggest that endopuclease activity is responsible for
both results. The activity of traneforming DNMA car be rapidly destroyed
by dresks in the centers of polynucleotide chafns, which is indicative of
endonuclease activity. In fact, Richardeon et al. ,‘ have used assays of
the dtological activity of B. subtilis DNA as an indicator ¢f endonuclease
activity, and have mentioned that such an assay iz a very sensitive test
for endonuclease.

The {vability to detect ntncglhauf DRAase activity in the strains
of L. g¢]] tested by Rothberg and Swartz can probably be explained bt
our resuits. Their sssay dapends oo the rapid clesavage of DMA to small
acid-soluble products that result from exonuclease action. Our svidence
points to a potent. extraceliular endonuclesse activity that would not
readily be actects. by this method. The differences in extracellulsr
ouc lsase activity between F- and P+ cor Hfr straivs are intriguing. It
fs conceivable that the markedly fncressed elabcration of DNAase dy males
precludes efficient mationg between P+ colls and confines transfer cf
wnall rsd gevome to the male plus fews’: comjugal pairs.
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Figure 1. Destruction of B. licheniforuis DA in presence of Calf Thysus DNA
by Sonic Extract of . colf W-1485,
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