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The uptake of 32P-labeled polyoma virus deoxyribonucleic acid (DNA) (I and
II + m) by mouse embryo cells was increased from two- to fivefold in the presence
of 500,ug of diethylaminoethyl-dextran (DEAE-D) per ml. This concentration of
DEAE-D gives maximal enhancement of infectivity; however, the increase is many
thousand-fold. As the DEAE-D concentration was increased from 0 Ag/ml, uptake
and infectivity increased to flat maxima and then decreased in a similar manner,
except that at low DEAE-D concentrations uptake was relatively much greater
than infectivity. Several other polycations also increased DNA uptake but did not
enhance infectivity, and uptake of viral DNA was unaffected by the presence of
mouse DNA, although infectivity was reduced. Thus, increased uptake is not the sole
basis for the enhancement of infectivity produced by DEAE-D. The possibilities
that DNA complexed with DEAE-D penetrates more rapidly or is stabilized against
degradation do not completely account for enhancement since complexes formed
in mixtures of DNA and DEAE-D, which sedimented heterogeneously from 40
to 60S, were infectious only for monolayers treated with DEAE-D. A more likely
factor in enhancement is inhibition of the cellular nuclease activity detected, since
virus DNA exposed to cells was much more degraded in the absence than in the
presence of DEAE-D. The nuclease activity produced single-strand breaks in
double-stranded DNA. Treatment of monolayers with deoxyribonuclease after
adsorption of DNA in the presence of DEAE-D reduced cell-associated radio-
activity by about 70%, although the number of plaques formed was not affected.
In the absence of DEAE-D, 90 to 100% was removed by deoxyribonuclease. Thus,
in both cases most of the DNA was adsorbed extracellularly. The greater deoxy-
ribonuclease-resistant fraction in the presence of DEAE-D would be consistent
with another possibility: that enhancement results from an increase in DNA penetra-
tion rate due to some action of DEAE-D on the cell.

We recently reported use of diethylaminoethyl-
dextran (DEAE-D) to increase the infectivity of
polyoma virus deoxyribonucleic acid (DNA) for
mouse embryo cells and to assay relative infec-
tivities of different molecular fractions (13, 15).
This system has advantages, also, for determining
the general properties and optimal conditions of
interaction of DNA with mammalian cells, since
the virus DNA is well defined physically and the
plaque-forming response provides a measure of
the amount of DNA which penetrates into the
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cell. Therefore, in continuation, we have exam-
ined the effect of DEAE-D on the quantitative
uptake of DNA under various conditions and on
the degradation of virus nucleic acid by cells. This
should help to determine the mechanism of action
of DEAE-D and to specify conditions permitting
higher efficiencies of infection.

MATERIALS AND METHODS
Cell culture, plaque assay, growth, and purification

of virus. Methods forcell culture, plaque assay, growth,
and purification of radioactive virus, extraction of
DNA, and fractionation ofDNA by zonal sedimenta-
tion into components I and II + III were those previ-
ously described by Warden and Thorne (15).

Sedimentation velocity analysis. DNA was analyzed
by centrifugation on sucrose gradients containing
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(pH 8.5) 0.02 M tris(hydroxymethyl)aminomethane-
hydrochloride buffer, 0.1 M NaCl and 0.01 M ethyl-
enediaminetetraacetate (EDTA) (NaCl-EDTA), or
0.3 N KOH, 0.1 M NaCl, and 0.01 M EDTA in Spinco
SW 39 or SW 65 rotors. Fractions were collected drop-
wise on glass-fiber paper, dried, and assayed for radio-
activity by liquid-scintillation procedures.

Agar electrophoresis. DNA was analyzed by the
method described by Thorne (12).

Measurement of 32P-labeled DNA uptake. Confluent
mouse embryo monolayers in 60-mm petri plates were
washed once with 3 ml of phosphate-buffered saline l
[PBS (4)] before addition of 0.1 ml of a solution of
DEAE-D (1,000 ,ug/ml, unless stated otherwise) in
PBS, followed by 0.1 ml of 32P-labeled DNA solution
in PBS and incubation for 1 hr at 37 C (unless stated
otherwise). Monolayers were then washed three times
with PBS to remove unadsorbed radioactivity and
were suspended in Eagle's medium plus 10% calf
serum either with a silicone rubber-tipped scraper or
by treatment with 0.05% trypsin in 0.0006 M EDTA
for 15 min. After centrifugation, supernatant fluids
were discarded and cell pellets were dried in an oven
at 80 C. Each dried cell pellet was moistened with 10
pliters of distilled water, suspended in 1 ml of
Hyamine, and incubated at 60 C for 4 hr before being
mixed with 5 ml of toluene scintillator fluid [contain-
ing 0.05 g of 1 ,4-bis-2-(5-phenyloxazolyl)-benzene
and 4 g of 2, 5-diphenyloxazole per liter] for radioac-
tive assay. DNA uptake was defined as the amount of
radioactivity remaining in the cell pellet after the above
procedures.

Reagents. DEAE-D of mean molecular weight
2 X 106 was obtained from Pharmacia Inc., New
Market, N.J.; poly-L-ornithine (mol wt 200,000),
poly-L-lysine hydrobromlide (mol wt 3,000), dextran
sulfate (mol wt range 5 to 40 X 106), and crystalline
pancreatic deoxyribonuclease were obtained from
Sigma Chemical Co., St. Louis, Mo. Protamine sul-
fate (mol wt 6,000) was obtained from Calbiochem,
Los Angeles, Calif.

RESULTS
Effect of DNA concentration and presence of

DEAE-D on uptake of 32P-labeled DNA. The up-
take of DNA by mouse embryo monolayers at
37 C varied with DNA concentration (Fig. 1).
In PBS alone, uptake increased approximately
linearly for inputs below 2 to 5 pug/monolayer,
but leveled off between 10 and 20 ,g. In the pres-
ence ofDEAE-D at 500 pug/ml, the concentration
used for infectivity assay (15), uptake increased
approximately linearly for DNA inputs up to at
least 20 pg/monolayer.
At 37 C, with either PBS or DEAE-D, uptake

increased linearly with time up to at least 60 min;
the rate of uptake in DEAE-D was two- to three-
fold greater than in PBS.
The amount of uptake varied considerably be-

tween experiments with different cell culture
batches; in PBS, with near-saturation inputs,
uptake varied between 3 and 40% of the input.
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FIG. 1. Dependence of uptake of component I on

concentration in PBS and in the presence ofDEAE-D.
(Symbols: 0, PBS; X, PBS + 500,ug of DEAE-D
per ml.

Although the cause of this variation remains
unknown, uptake in DEAE-D was always greater
than in PBS, usually by a factor of two- to five-
fold; occasionally higher values (up to 14-fold)
were obtained.
The uptake of components I and II + II1 fol-

lowed closely the behavior found for unfraction-
ated DNA.

In subsequent experiments, DNA concentra-
tions falling within the linear ranges for uptake
were used.

Dependence of uptake and infectivity of 32P-
labeled DNA on DEAE-D concentration. The
concentration of DEAE-D present during ad-
sorption influenced the amount of radioactive
DNA taken up. In Fig. 2, uptake is compared
with infectivity at different DEAE-D concen-
trations. (It was necessary to use much higher
doses of DNA for measurement of radioactive
uptake than for infectivity.) The responses to
DEAE-D concentration were similar with broad
maxima at 200 to 500 jug/ml, but uptake was
relatively much greater than infectivity below
50 jug of DEAE-D per ml.

Effect of different adsorption conditions on
32P-labeled DNA uptake. The magnitude of up-
take was similar when DNA was added im-
mediately after DEAE-D, when DEAE-D was
added 15 min before DNA, or when DNA and
DEAE-D were premixed for 20 min at 25 C
before addition to the cells. These different
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FIG. 2. Dependence of uiptake and infectivity of
component I on DEAE-D conicentration. Symbols:
0, radioactive uptake, input 2.5 ,ug/monolayer; 0,

infectivity, input 2.5 X 10-2 lg/monolayer.

procedures applied in the infectivity assay gave

the same number of plaques.
After treatment of the cells with DEAE-D,

uptake was not changed significantly by washing
the cells three times in PBS either before or after
addition of labeled DNA. The same procedures
applied in the infectivity assay resulted in a three-
fold or greater reduction in plaque count.
These results imply that for maximal infectivity

the optimal concentration of DEAE-D must be
maintained for a function other than that of
increasing uptake.

Demonstration of DNA-DEAE-D complex
formation. Mixtures of component I and com-
ponent II + III with DEAE-D analyzed by
sedimentation velocity gave asymmetric peaks
sedimenting at about 40 to 60S (Fig. 3). Other
analyses showed that 100-fold dilution of the
mixtures in NaCl-EDTA did not dissociate the
complexes. Thus, the complexes which result
upon mixing DNA and DEAE-D are stable.

Fractions from the peak regions did not
produce plaques in mouse embryo monolayers
unless DEAE-D was added at the time of infec-
tion, as in the normal procedure.
Although it appears probable from preceding

experiments that DNA complexed with DEAE-D
has a stronger affinity for cells than does free
DNA, possibly because of reduced negative
charge, formation of complexes alone is insuffi-
cient to enhance infectivity.

Effects of other polyionic substances on DNA
uptake and infectivity. The effects on uptake of
other polycations known to enhance viral RNA
infectivity (6, 11) were investigated. Since the
average molecular weights and concentrations
of the polyions varied, relative molecular con-
centrations are given in Table 1.

All polycationic substances stimulated uptake

at least threefold compared to uptake in the
presence of PBS only (Table 1). On a molecular
basis, DEAE-D and polyornithine, which were
higher in molecular weight, were much more

(a ) Component I+ DEAE - D

5M

0

(b) Component +lMI+DEAE-D
Efi 1,000
eL

0

> 10,000 (c) Component TI
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0

0 I
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FIG. 3. Sedimentation velocity analysis of com-

plexes formed between polyoma virus DNA and
DEAE-D. (a) Component I + DEAE-D (500,ug/ml).
(b) Component II + III + DEAE-D (500 ,g/ml).
(c) Component I + PBS. Mixtures were incubated
for 30 min at 37 C and then centrifuged for 3 hr at
39,000 rev/min on 10 to 30% sucrose gradients at
pH 8.5.

TABLE 1. Uptake of 32P-labeled polyoma virus
DNA by mouse embryo cells in the

presence of different polyions"

Ratio

present
no. Ratio

Apnrox Peet of mole-o o UptakeSubstance mor~ wt mono- of poly- cules of (nts
layer ion to polyion min)
(g)DEAE- to DNA

D

PBS ......... 273
DEAE-D...... 2 X 106 100 1 300 2,346
Polyornithine. 2 X 105 10 1 300 1,561
Protamine

sulfate...... 6 X 103 10 33 10,000 852
Polylysine..... 3 X 103 10 67 20,000 970
Dextran

sulfate...... 2 X 107 100 0.1 30 18

a Approximately 0.5 ,ug of unfractionated DNA
was used per monolayer. Input radioactivity was
4,630 counts/min.
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effective than protamine or polylysine. A poly-
anion, dextran sulfate, included for comparison,
almost totally inhibited uptake.
Of these polyions, only polyornithine promoted

formation of plaques, but at much lower effi-
ciency than DEAE-D (Table 2). Polyornithine
was grossly cytotoxic at concentrations greater
than 10 Ag/ml. DEAE-D added to cell mono-
layers already treated with low concentrations of
polyornithine and DNA increased the plating
efficiency to near that obtained with DEAE-D
alone; the plating efficiency decreased at higher
polyornithine concentrations (Table 2).
Complex formation between polyornithine

and DNA, similar to that obtained with DEAE-D,
was demonstrated by sedimentation analysis.

It is possible, since enchancement of SV40
DNA infectivity increases with increasing molec-
ular weight of DEAE-D (7), that higher molec-
ular weight preparations of the other polycations
would be more effective.

Effect of mouse DNA on virus DNA uptake.
The presence of mouse embryo cell DNA during
adsorption, at concentrations greater than 0.1
,ug/monolayer, markedly reduced the number of
plaques formed by virus DNA in DEAE-D-
treated monolayers (15). In our present work, the
effect of mouse DNA on uptake of radioactive
virus DNA was determined.

In the absence of DEAE-D, cell-associated
radioactivity decreased steadily with increasing
mouse DNA concentration; in the presence of
DEAE-D it remained roughly constant up to
10 MAg of mouse DNA per monolayer (Table 3).
Total DNA uptake in PBS or DEAE-D, cal-
culated from radioactive uptake and assuming
that virus DNA and mouse DNA interact simi-
larly, increased in a manner similar to that for
virus DNA (Fig. 1). Treatment of monolayers
with mouse DNA followed by washing in PBS
inhibited radioactive virus DNA uptake 10-fold
in the absence of DEAE-D, but had no effect
when DEAE-D was added with virus DNA.
These results suggest that, although uptake

capacity is high in the presence of DEAE-D,

TABLE 2. Plaque formation in the
presence of polyornithine

No. of plaques per plate at
polyornithine concn (ug/ml)a

0 0.01 0.1 1 10 100

Without
DEAE-D... 0 0 0 0.5 3 Lysis

With DEAE-D. 94 66 60 18 9 Lysis

a Values are averages of two plates.

competition between virus and mouse DNA for
a limited number of sites at a stage(s) after at-
tachment reduces the number ot plaques formed.
Since mouse DNA at similar concentrations, in
the presence of 500 ,ug of DEAE-D per ml, was
without effect on the plating efficiency of intact
virus (Table 4), interference at an intracellular
site does not occur between mouse DNA and
virus DNA released from virus particles. This
suggests that mouse DNA inhibits the DNA
infectivity response by competing for a limited
number of sites available for transport of DNA
into the cell.

Inhibition of cellular nuclease activity by DEAE-
D. To study possible action of cellular nucleases
we examined the sedimentation characteristics of
DNA remaining unadsorbed after infection of
washed monolayers with component I. Inocula
were removed after an adsorption time of 1 hr
and stored at 4 C in the presence of 0.01 M EDTA.
Before analysis by sucrose gradient centrifugation
or agar gel electrophoresis, sodium dodecyl sul-
fate (SDS) was added to a concentration of 0.5%
to inhibit further nuclease degradation and to
attempt to dissociate DNA-DEAE-D complexes.
For reasons not yet determined, dissociation of
DEAE-D complexes by SDS was not always

TABLE 3. Effect of mouse DNA onz the
uptake of 32P-labeled component Ia

Uptakeb
Dose of mouse
DNA (ug)

Without DEAE-D With DEAE-D

pg counts/min counts/min

0 227 (0.03) 842 (0.11)
0.1 211 (0.04) 1,066 (0.16)
1 137 (0.06) 836 (0.38)

10 57 (0.21) 682 (2.3)

aDose of component I was 0.4 ,ug/monolayer.
Input radioactivity was 3,150 counts/min per
monolayer.

b Figures in parentheses represent estimated
total DNA uptake, expressed in micrograms.

TABLE 4. Plaque response to polyoma
virus adsorbed in the presence of

mouse DNA and DEAE-D

DNA dose No. of plaques/platea

(pg)
0 37
1 28
5 41

25 42

a Average plaque count in the absence of DNA
and DEAE-D = 47. Values are averages of four
plates.
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complete, and a significant fraction of radioac-
tivity sometimes remained in complex.

In the absence of DEAE-D, inocula stored for
24 hr at 4C after removal from monolayers
frequently showed complete degradation of com-
ponent I to components of 0 to lOS (Fig. 4a); in
other cases, all component I was eliminated, but

1,00

SW< ,\ 1 11

o 500
5
4

FRACTION No.
FIG. 4. Sedimentation and electrophoretic analyses

of radioactivity remaining unadsorbed after infection
of mouse embryo monolayers with component L (a)
Adsorption in PBS. (b) Adsorption in PBS + 500
jg ofDEAE-D per ml. (c) Adsorption in PBS + 500
,ug ofDEAE-D per ml. Analysis was by electrophoresis.
Monolayers washed once with PBS were treated with
0.1 ml of DEAE-D (1,500 ,g/ml) or with PBS in
controls for 15 min at 37 C before the addition of 0.2
ml of component I containing about 100,000 countsl
min. After 60 min at 37 C, the inoculum volume was
removed and stored at 4 C in the presence of 0.01 m
EDTA. SDS was added at 0.5% before analysis of
50 j.diters by centrifugation for 4 hr at 48,000 rev/min
on 5 to 25% sucrose gradients at pH 8.5 or by agar
gel electrophoresis for 17 hr at 110 v. Vertical lines
indicate positions of components in cosedimented,
'H-labeled, unfractionated polyoma virus DNA in this
and subsequent figures.

the major fraction of the radioactivity sedimented
in the II and III component regions.

In contrast, when inocula contained DEAE-D,
at least 60% of the radioactivity recovered from
the gradient sedimented as I or II + III with
about 30% sedimenting to the bottom of the
tube in an unresolved complex (Fig. 4b). Since
about 70% of the radioactivity was lost on the
tube walls during centrifugation at pH 8.5 in
the presence of DEAE-D, alkaline gradient
centrifugation and agar gel electrophoresis,
which gave high recoveries, were preferable
methods of analysis. Agar electrophoresis which
gave nearly 100% recovery showed (Fig. 4c)
that at least 50% of the radioactivity in inocula
containing DEAE-D remained in the component
I form; a minor proportion remained in complex
at the origin. Similarly, when monolayers were
infected with component II + III, extensive
degradation occurred in PBS but not in the
presence of DEAE-D.

Similar results were obtained with monolayers
washed three times with PBS before infection
and with monolayers grown at low serum con-
centration, which yield extracts of relatively
low nuclease activity (5).
When SDS was added to inocula immediately

after removal from monolayers, degradation in
PBS did not proceed beyond the conversion of
I to II + III components. In alkaline gradient
analyses of similarly treated inocula containing
DEAE-D, proportions of 50 and 40% sedimented
in 53S and 16 to 18S regions, corresponding to
component I and single-stranded DNA of sub-
stantially unaltered molecular weight, respec-
tively; about 10% sedimented slower than 16S.
Therefore, when SDS was added at the end of
the adsorption period, degradation was still
substantially greater in PBS than in the presence
of DEAE-D.

Characteristics of cell-associated radioactivity.
Attempts were also made to determine the sedi-
mentation characteristics of cell-associated radio-
activity. In one procedure, monolayers were
washed with PBS at the end of the adsorption
period, solubilized with 0.5% SDS, and extracted
with phenol; samples of the aqueous layers were
analyzed on sucrose gradients (pH 8.5). After
infection in PBS, cell-associated virus DNA was
much less degraded than that remaining in the
inoculum, and a significant proportion of com-
ponent I remained (Fig. 5a); this greater stability
has yet to be explained. In the presence ofDEAE-
D, the proportion of component I was consider-
ably higher (Fig. 5b), but only 30 to 40% of the
total radioactivity was recovered in the aqueous
phase; the remainder was in the interface and
phenol layer, presumably as unresolved complex.
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FIG. 5. Sedimentation analysis of phenol-extracted
cell-associated radioactivity after infection of mouse
embryo monolayers with component I. (a) Adsorption
in PBS. (b) Adsorption in PBS + 500 pg ofDEAE-D
per ml. Monolayers were treated and infected as
described in Fig. 4. After removal of inocula mono-
layers were washed four times with PBS (minus Ca++
and Mg++), drained, and then solubilized by the addition
of 0.4 ml of 0.5% SDS containing 0.14 M NaCI and
0.1 M EDTA. After a single phenol extraction, 0.2 ml
of the aqueous phases was centrifuged for 4 hr at
48,000 rev/min on 10 to 30% sucrose gradients at
pH 8.5.

In the second procedure, applied in a different
experiment, SDS-solubilized cells were analyzed,
without phenol extraction, on alkaline sucrose
gradients. The proportion of freely sedimenting
radioactivity recovered as component I was about
2.5 times greater in DEAE-D than in PBS (Fig.
6). In this procedure, about 50% of the radio-
activity in monolayers infected in DEAE-D
remained complexed and sedimented to the bot-
tom of the tube (Fig. 6b).

Unless the unresolved complexes contain
mainly 16 to 18S and slower-sedimenting com-
ponents, it can probably be concluded that
DEAE-D protects cell-associated as well as
unadsorbed virus DNA against nuclease action.

Susceptibility of adsorbed DNA to the action of
pancreatic deoxyribonuclease. The preceding
experiments showed that a high proportion of
the adsorbed DNA remained as component I.
Most of this DNA is unavailable for infection
since infection by DNA, even aided by DEAE-D,
is very inefficient. To explore its location in the
cell, the effect of pancreatic deoxyribonuclease
on cell-associated virus DNA was examined.

After adsorption of DNA for 1 hr at 37 C,
monolayers were washed twice with PBS, incu-
bated with 100 ,ug of deoxyribonuclease per ml
for 15 min at 25 or 37 C, washed to remove
deoxyribonuclease and degraded DNA, and
solubilized with SDS for measurement of radioac-
tivity.

(a) ~ ~ ~ ~ *
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3 X ~~~(b)l
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FIG. 6. Sedimentation analysis on alkaline gradients

of SDS-extracted cell-associated radioactivity after
infection of mouse embryo monolayers with component
L (a) Adsorption in PBS. (b) Adsorption in PBS +
500 ,g ofDEAE-D per ml. Monolayers were infected
as described in Fig. 4, but with about 40,000 counts/min
per monolayer, and were solubilized with SDS as
described in Fig. 5. To 0.1 ml of the SDS extracts,
0.1 ml of 5% SDS was added, followed by 20 pliters
of 1.2 N KOH, before centrifugation on 10 to 30%
alkaline sucrose gradients for 1.5 hr at 48,000 rev/min.
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The cell-associated radioactivity of monolayers
infected in the absence of DEAE-D was reduced
to less than 10% of that in untreated cells, and all
sedimented between 0 and lOS. In the presence
of DEAE-D, it was reduced to 20 to 30% of that
in untreated monolayers, about half sedimenting
as component I and half as a group of compo-
nents between 0 and 16S.

Since it was possible that deoxyribonuclease
could enter the cells and degrade intracellular
DNA, these results alone possibly were insignifi-
cant. However, it was found that deoxyribonu-
clease applied in a similar manner at concen-
trations up to 400 ,ug/ml had little effect on the
plating efficiency of DNA in the infectivity assay
(Table 5). This showed that deoxyribonuclease
did not degrade intracellular DNA, and it sup-
ports the conclusion that at least 70 to 80% of
the DNA attaching to cells in the presence of
DEAE-D (and presumably nearly 100% in its
absence) was located at the surface and accessible
to deoxyribonuclease. The amount of the deoxy-
ribonuclease-resistant remainder which was
intracellular is uncertain since deoxyribonuclease
action probably is partially inhibited by residual
DEAE-D. However, under similar conditions in
the absence of cells, 80% of component I was
degraded to components of OS, even in the
presence of 500 jig of DEAE-D per ml.
Whether intracellular or not, the increased

proportion of deoxyribonuclease-resistant DNA
could be a factor determining infectivity enhance-
ment.

DISCUSSION
Although sedimentation analyses show that

stable complexes, probably electrostatic in
nature (1, 10, 14), form between polyoma virus
DNA and DEAE-D, it is doubtful, for the fol-

TABLE 5. Effect of postadsorption treatment with
pancreatic deoxyribonuclease on plating

efficiency of component fa

No. of plaques per plate at deoxyribo-
Adsorption nuclease (jg/ml)5
time (min)

0 10 100 400

5 11 5 5 6
30 39 34 29 20
60 96 91 75 67

a Monolayers previously treated with DEAE-D
(0.1 ml, 1,000,g/ml) were incubated at 37 C with
DNA dilutions (0.1 ml), washed twice with PBS,
and then incubated with deoxyribonuclease in
0.25 ml of PBS containing 0.01 M MgCl2 for 15
min at 25 C before addition of overlay medium.

b Values are averages of four plates.

lowing reasons, that this alone leads to increased
infectivity. First, preformed complexes isolated by
centrifugation were noninfectious unless mono-
layers were treated as usual with DEAE-D.
Second, the plaque response was considerably
reduced if monolayers were washed after adsorp-
tion, although this did not reduce bound radioac-
tivity or, probably, dissociate complexes.

Also, although DNA-DEAE-D interaction
may cause increased uptake, it is unlikely that
increased infectivity results only from this, since
infectivity is increased by a much bigger factor
than uptake at the optimal DEAE-D concen-
trations; also, uptake is increased at DEAE-D
concentrations below 50 Ag/ml which only
slightly increase plating efficiency. In addition,
other polycations which increased uptake had
little effect on infectivity.

It seems probable, therefore, that increased
plating efficiency depends on more than one
action of DEAE-D. The present evidence indi-
cates that intra- and extracellular inhibition of
the strong nuclease activity associated with these
cells is an important factor. The discrepancy
between the magnitudes of increase of infectivity
and radioactivity uptake would be explained if
high DEAE-D concentrations were necessary
for effective nuclease inhibition; lower concen-
trations, although sufficient to increase uptake,
might inhibit nuclease insufficiently. The failure
of other polycationic substances tested could
also result from insufficient nuclease inhibition.
It has often been suggested that hypertonic meth-
ods for increasing infectivity may depend on
inhibition of nucleases, since many nucleases
are inhibited by high salt concentrations. Possi-
bly, DEAE-D inhibits more efficiently than high
salt concentrations. The existence of a cell-asso-
ciated nuclease which degrades viral ribonucleic
acid (RNA) has been established by Bases and
Huppert (2), and it has been reported that DEAE-
D partially protects viral RNA against digestion
with pancreatic ribonuclease (1, 8, 9).
The possibility that inhibition of a nuclease

which destroys messenger RNA coded by viral
DNA increases infectivity is unlikely because
DEAE-D does not significantly influence the
infectivity of intact polyoma virus (Table 4;
unpublished data).
The sedimentation properties of the degrada-

tion products of component I indicate that endo-
nuclease activity producing single-strand breaks
predominated. This activity, like that of deoxy-
ribonuclease II, may be activated by EDTA (3);
this could contribute to the increased degradation
when addition of SDS was delayed. Examination
of enzymological properties and of possible
inhibitors of greater activity than DEAE-D might
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lead to greater plating efficiencies for infectious
DNA. Since strong nuclease activity, inhibited
by DEAE-D, was also found to be associated
with BHK21 cells (unpublished data), improved
transformation efficiencies for DNA, using these
cells, could also be expected.
The effect of deoxyribonuclease on plaque

formation in monolayers infected in the presence
of DEAE-D demonstrates that DNA initiating
infection becomes immune from the action of the
enzyme. This may be because deoxyribonuclease
does not enter the cell, because DNA forms an
enzyme-resistant association with a cellular
component, or because DEAE-D continues to
protect the DNA. The location of the remainder
of the deoxyribonuclease-resistant radioactivity,
which rough estimates indicate still represents at
least 1,000 times the amount of DNA needed to
initiate infection on the basis of one molecule
per cell, is not clear. It may be mainly intra-
cellular, which might indicate that DEAE-D
increases the rate of penetration of DNA by
some action on the cell, apart from increasing
the amount of undegraded DNA available for
penetration; however, the reduction in infectivity
after washing with PBS is against this possibility.
Alternatively, the radioactivity may be mainly
superficially located but protected from deoxy-
ribonuclease by residual DEAE-D.
Our results demonstrate the considerable

reduction in the background of nonparticipating
DNA which can be achieved by the use of deoxy-
ribonuclease and they suggest that further analysis
of the location and macromolecular state of the
deoxyribonuclease-resistant fraction should help
to resolve these questions.
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