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ABSTRACT

Transfection of Bacillus subtilis 168 vtth low concentrations
of SP-18 phage DNA (molecular weight = 1 x 108 ) wa’ enhanced by
using recipient gellc at a concentration of 2 x 10'/ml rather than
the usual 2 x 10°/ml. At low DNA concentrations, the slope of the I
dose-response curve was >1 at the high recipient cell concentra- j
tion, but the slops wvas = 1 at the low recipient cell concentrationm. o
A similsr effect was shown with SP-82 DNA, #1 DNA, and 625 DMA, all P
having molecular weights of apprqxiut:cly 1 x 108, However, #29 ’
DRA (moleculsr weight = 2,5 x 10°) gave & first-order dose-response
curve at both high snd low recipient cell concentrations. We
interpreted our observations as Kelly hypothesized for the preserva-
tion of marker linkage in transformation; {.e., the lower concentra-
tion of recipient cslls resulted in fewer DNA molecules being
fragmented as a result of attaching to two cells. This interpreta- ‘
tion of transfection enhancement {s different from the previous
sxplanation as an {nhibition of an intracellular {nactivation
process.
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I.__INTRGDUCTION®

In our studies to determine why the infectivity of SP-18 phage DNA
was nonlinear at low DNA concentrations, wve observed that dilution of

the recipient cells greatly increased the number of transfectancs obtained
with low concentrations of SP-18 DMA,

Our observation was similar to that reported by Xelly’ * uhich the
use of d{lute suspensions of competent cells preserved the linkage of
various markers in transformstion, We felt it worthwhile to expand this

observation and to study the use of diluted recipient cells for trans-
fection by DRA of various bacteriophages.

II. MATERIALS AND METHODS

Phage SP-18 was isolated from soil by Dr. Ivan D. Goldbarg in this
laboratory. Phages #1, #25, and #29 were described by Re¢lly and Spizizen,?
and phage SP-82 was described by Green.® A1l phage suspens{ons were

assayed on phage assay agar (PA) seeded with 108 Baci]lus subtilss 1
(ind~) spores as described by Thorne.*

68
Cultures of B. ﬁ.‘!ﬁ.&! 168 (ind”)
were useg to prepare 5P-18, #1, #25, and 629 in TY broth® and SP-82 in

H broth,

Phage DNA was extracted by a modificacfon of the phemol technique

of Mandell and Hershey.” The DMA vas dislyzed for 22 hours at 5 C

sgainst 0.15 M NaCl and 0.015 M ciltrate (88C) at pH 8.0 to remove the
phenol and was stored at 5 C. DNA vas determined by the method of Burton.”
All DRA prepsratioucs were tested for contemination with bacteris or viabla
phage by spresding samples on nutrient agar and by plating samples

, (gftsr
treatment with 50 ug of deoxyribonuc lesse) in PA agar soeded with mg

B. subtilis 168 (ind ) spores. Serisl twofold dilutfons of the DNA prepara-
tions were made {n 85C.

Competent cells of J. gubtilis 168 (ind") werc grown essentially by
the procedure of Anagnostopoulos and Spizizen.’ Transfections wers
carried out in 18- by_l100-mm tubes containing 1 ml of recipient culture
(approximately 2 x 108 or 2 x 107 cells) and 0.1 ml of DMA., The tubes
were incubated for 45 minutes in a slanted position on & reciprocal shaker
at 37 C. Pancreatic deoryribonuclesse (IX crystallizsd, Worthington) wes
added (50 ug in 0.05 m1) and incubation was continued for 5 minutes,

Infectious centers vere scored against 168 ({ind") by the soft agsr overlay
rmethod in PA agar.

* This report should not be used #s a literature ciuttoﬁ in material to ba

published in the open literature. Readers interested in referencing the

information contained herein should contact the senior suthor to ascertsin
when and where it may appear i{n citable form,

oy




III. RESULTS

§P-18 DNA showed a first-order relationship between DNA concentration
and infectivity in the region from approximately 2 to 40 ug/ml, but at DNA
concentrations below 2 ug/ml the infectivity was gzreater than first order
(Fig. 1). To determine the relationship betveen infectivity of SP-18 DNA
and cell concentration, we made serial twofold dilutions of the recipient
cells in the presence of DNA at 10 ug/ml and 1.25 pg/ml (Fig. 2). At
1.25 ug DMA/ml, maximum transfection was demonstrated with 2 x 10’ cells/
ml; wore or fewer cells resulted in fewer transfectants/ml.

Tre effect of SP-18 DNA concentration on infectious center formation
At recipient cell concentrations of approximately 2 x 108 and 2 x 107
cells/nl is shown in Figure 3. The dose-response curve at the high cell
concentration was the same as that in Figure !, but at the low cell concen-
tration, the dose-response curve remained first-order in the region from
about 0.2 to 2 ug/ml. This resulted in a higher getcentage transfection
with a cell concentration of approximately 2 x 10’ cells/ml; e.g., at_a
DMA concentration of 0.2 pg/ml, the transfection obtained with 2 x 10
cells/nl was more than 3001 that obtained with 2 x 108 cells/ml.

The increase in percentage transfection obtained with diluted competent
168 (ind") cells could be explained if, in diluting the cells, we alsc
diluted a competence inhibitor or extracellular nuclease, To test this
possibility, compatent 168 (ind~) cells were vashed to get rid of any
extracellular competence inhibitor or nuclease. However, the dose-response
curves from washed cells (Pig. 4) were the same as those obtained from
nonwashed cells (Fig. 3). An alternative explanatisn for cur observed
increase in percentage transfaction with diluted recipient cells was the
hypoLhesis presented by Kelly’ that & DNA molecule might adsorb to more
than ooe bacterfal cell at the sars time, resulting in fragwentation of
the molscule. Dilution of the compatent cells would lower the chance of
& DBA molecule adsorbing to more than one cell, lowering fragmentatiom,

‘and thereby fucreasing transfeciion.

To datermins 1if the use of diluted recipient cells s{fected transfection

"vtth other phage DNA, we tested phage SP-82, vhose DMA hag & wolecular

weight (1.3 x 10%) similar to that of 3P-18 DMA (1.0 x 10°). SP-82 DMA

doas not give a first-order dose-response curve in any region of DMA con-
centrations unless an enbancemant mechaniss s used.l® However, when a
recipient cell concentration of approximately 2 x 107 vas used, we obtained

a first-order dose response with SP-82 DMA (Fig. 5). If large DMA molaculas
were fragmentcd by adsorption to more than one recipient cell, we would
expect smaller DMA wolecules to be less affected. To test this, we

measured trensfectfon with 929 DMA, which has a molecular weight of 2.5 x 107.
The #29 DEA gave a first-order relationship between DMA concentration and
fnfecticus- enter formation at the same DMA concentrations for dboth high and
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low recipient cell comncentration {Fig. 6). Our {nterpretation was that
transfection with low molecular weight 629 DMA was not affected by fragmen-
tation of the DRA molecules resulting from adsorjtion to more than one
recipient cell. Concentrstions of #29 DNA lower than those shown in
Pigure 6 gave a dose-respousa curve with 2 slope >1 at both high and low
recipient cell concantrations.

To show that the first-order dcue rasponss obtained with low concém~
trations of recipient celis was not unique to SP-18 DRKA and SP-82 DRA, wa
transfected high and low recipient cell concentrations with £#1 DRA and
925 DBA, both having molecular weights of 1 x 108, The results (Pig. 7
and 8) supported our previous obeservations with high molecular weight DNA;
we obtained a first-order dose-respomse curve with the low vecipient cell
concentrations but not with the high recipient cell concentration.

When phage DNA concentrstions higher than thote shown were added to
high recipient cell concentrations, we obs2rved a flattening of ths dose~
response curva or saturation of the system. It must be emphasized that a
first-order dose response from SP-82, #1, and $25 DFA was cbtained only
with low recipient cell concentratioms.
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IV. DISCUSSION

Our observations can be interpreted to support Kelly's hypothesis?
that "at low concentrations of high molecular weight DNA, molecules
normally attach to and are integrated into more than one recipient cell.”

The dose-response curves from SP-82, @1, and $25 DNA using high
recipient cell concentrations went from saturation to curves with slopec
>1. There was no intermediate DNA concentration where a first-order
dose response was obtained.

The first-order dose-response curves from SP-18 DNA, SP-82 DNA, @1
DNA, and @25 DNA that we observed at low concentrations of recipient
cells change to greater than first order at the lowest DNA concentrations.
The most probable explanation for this change 18 loss of contact with the

recipient cells by the dilute, high molecular weight DNA, resulting in
fewer infections being initiated.

SP-18 DNA gave a first-order dose response at both high and low
reciplent cell concentrations, but not at the same DNA concentration.
SP-82 DNA, @1 DNA, and @25 DNA gave first-order dose responses only at
low recipient cell concentrations. The genomes of these three phages
may have weak points making them more susceptible to fragmentation.

SP-82 DNA, which normally shows a dose-response curve with a2 slope >1,
has been reported to show a dose-response curve with a slope of one under
certain conditions. Green!! obtained a first-order curve with SP-82 by
the use of helper phage, and he hypothesized that preinfection with
mutant helper phage inhibited the intracellular inactivation process
that he felt was responsible for the dose-response curve with a slope >1.

Epstein'? enhanced SP-82 transfection by UV-irradiation of the
recipient cells, and Epstein and Mahler'® enhanced SP-82 transfection
by pretransfection exposure of competent cells to UV-irradiated DNA,
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