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and the subsequent purification of the nuclei and
In two earlier papers (5, 7), the authors re
(PNA
ported an increased rate of incorporation
of @32separation of nuclear pentosenueleoprotein
protein) from desoxypentosenucleoprotein
(DNA
into the desoxyribonucleic
acid (DNA) of livers
protein).
and spleens in mice and rats bearing transplanted
After being cooled the livers were forced
tumors and in pregnant mice and rats. The present
through a tissue press with holes about 1 mm. in
paper deals with an extension of this work to some
2â€”8minutes in 4
other tumors and with measurements of the rate of diameter and were homogenized
volumes of ice-cold saline (0.85 per cent NaCl con
@82
incorporation
into the nuclear
and cytoplasmic
taining 2 ml. 0.1 N NaOH per liter). Homogeniza
pentosenucleic
acid (PNA) of these tissues.
tion was carried out in a Potter-Elvehjem
tube.
According to current theories, PNA is inti
was centrifuged
4 minutes at
mately connected with protein synthesis and so The homogenate
1,400 X g in a No. 1 International centrifuge oper
might show a higher turnover in animals under
ated in a cold room. The resultant supernatant
going rapid tissue growth. If this were the case and
fluid was siphoned off and stored in the refrigera
if PNA and DNA had a common precursor, then
tor until the following day for the isolation of the
DNA might show a higher specific activity not due
to a change in its turnover but due only to the in
cytoplasmic PNA. The nuclear sediment was sus
creased specific activity of its precursor.
The pres
pended in 2 per cent cold citric acid and centri
ent experiment was an attempt to test this possi
fuged for 10 minutes in a clinical centrifuge at
bility.
500 X g. The sediment
was resuspended
and cen
trifuged 14 times at the same speed, after which
METHODS
treatment
the supernatant
fluid was perfectly
All mice were fasted for 24 hours prior to the
clear. The centrifugations
were carried out as fol
experiment.
They received intraperiton@al injec
lows : once for 10 mm., twice for 5 mm., 5 times for
tions of P32-labeled sodium phosphate in isotonic
3 mm., and 6 times for 1 mm. The isolated nuclei
saline at pH 7 about 9 A.M. and were killed with
were washed twice with saline to remove citric
ether exactly 4 hours later. The livers were re
acid and then were extracted
in 95 per cent
moved, and the isolation of the nucleic acids was methyl alcohol, followed by three extractions with
begun as soon as possible. In order to obtain
boiling alcohol-ether (3 : 1), and a final alcohol ex
enough material, the livers from eight or more
traction. The lipid-free nuclei were then suspended
mice were pooled.
in an ice-cold buffer at pH 10 prepared
by mixing
Each animal received approximately
30 @c.of equal volumes of 0.1 M Na2CO3 and 0.1 M
P3@-labeled sodium

phosphate.

The procedure

used

NaHCO3. The suspensions were kept in an ice
water bath for 30 minutes and then were cen
trifuged in a clinical centrifuge for 3 minutes. The

for the nucleic acid isolations was an adaptation of
several published methods and will be given in
detail. In view of previous experience with active
contaminants,
it was felt that it was important to
have the final nucleic acids in such a form that
they could be easily reprecipitated
to constant
specific activity.
The method of Barnum et al. (2) was followed
for the separation of the nuclei from the cytoplasm

sediments

containing

the

DNA-protein

were

washed twice with the cold buffer solution. The
supernatant
and washes containing
the PNA
protein were combined and made 5 per cent to
trichloroaeetic
acid (TCA) and centrifuged in a
No. 1 International

centrifuge.

The precipitate
which represents the nuclear
PNA-protein and any possible residual DNA-pro
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tein was washed
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to obtain the nucleic acid in a reprecipitable

In order

form,
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the method from this point on differs from the
method of Barnum et a!. To remove the residual
DNA-protein
from the PNA-protein,
the nucleo
protein precipitate was suspended in 0.14 M NaCl
and brought to pH 7. DNA-protein
is insoluble in
this concentration
of NaC1 and could be removed
by centrifugation.
The PNA-protein
contained in
the supernatant
fluid was precipitated
out by
bringing the pH of the solution down to â€˜@s3
with
glacial acetic acid and separated by centrifugation.
The PNA-protein
was then suspended in ice-cold

of the color developed per microgram of phos
phorus in the nucleic acids isolated by the above
method agreed well with that of the commercial
preparations.
The diphenylamine
reagent and the
orcinol reagent were prepared according to the di
rections given by Barnum et al. (2). The density
was determined
with a Beckman DU spectro
photometer. There was essentially no contamina
tion of cytoplasmic PNA or nuclear PNA with
DNA

5 per cent NaOH
and kept at 0Â° Â± 2Â°for 2 hours
(4). This split the protein
from the nucleic
acid.

Essentially no decomposition
of nucleic acid oc
curs at this temperature.
The protein was precipi
tated out by adding glacial acetic acid until the
TABLE
ANALYTICAL

CoMPARIsoN

as determined

by the

Feulgen

reaction

1

OF DIFFERENT

PREPARATIONS

OF NuCLEIc

AciDs

CytoplasmicNuclearCommercial5PNAPNAPNA

Commercial

E (diphenylamine reaction)t
E(orcino1reaction)@

0.123

Â±0.018

0.113

and

by the diphenylamine
reagent.
The specific activity of the purified nucleic acid
was determined
in the following manner. One
aliquot of the sodium nucleate solution was used
for the determination
of the phosphate concen
tration by the method of Fiske and SubbaRow (3).

Â±0.013

N:P

1.68

1.80

0.111 Â±0.011
1.88

Feulgen test

0

0

0

DNA
0.018 Â±0.007

0.0194

I .90

1.84@

+

+

DNA
Â±0.006

aThismateriel
wasobtained
fromtheNutritional
BiOchemical
Corporation.
Cleveland.
Ohio.
t Optical density at 600 mj@wave length, calculated per pg, P in sample.
*Optical
density
at660m@awavelength.
calculated
perag.
P insample.
ITheNutritional
Biochemical
Corporation's
N:P ratio
isgivenas1.71.

@

solution was just acid to litmus (pH was
The solution was centrifuged and the supernatant
fluid filtered through tissue paper. The PNA re
mained in the supernatant
fluid and was precipi
tated by bringing the solution to pH
by the ad
dition of HC1 and then adding an equal volume of
95 per

@

cent

methyl

alcohol

and

centrifuging.

This

precipitate was dissolved in 0.05 M NaHCO3. 5ev
eral reprecipitations
could be carried out at this
point until the nucleic acid maintained a constant
specific activity. It was found that the specific
activity did not change significantly after repre
cipitation.
The DNA was obtained from the gelatinous sed
iment that remained after the pH 10 extraction by
following a modified Beck and Klein method pre
viously published (6).
The cytoplasmic PNA was precipitated
from
the cytoplasmic extract which had been obtained
earlier. TCA was added to a concentration
of 5
per cent, the extract was centrifuged,
and the
supernatant
fluid containing
the acid soluble
phosphorus
was decanted.
The sediment
was
washed once with 5 per cent TCA and then sus
pended in cold 5 per cent NaOH. The procedure
from here on was the same as for the nuclear PNA.
As is shown in Table 1, with the use of either the
orcinol or the diphenylamine
reagent, the density

A second

aliquot

with a Victoreen

was

RESULTS
The

results

used

for

counting

the

@82

geiger tube.
AND

of our

DISCUSSION

measurements

are

given

in

Tables 2â€”4.Each value represents the specific ac
tivity ofihe nucleic acid obtained from the pooled
livers of at least eight animals. In the cytoplasmic
PNA

determinations

enough

material

was

avail

able so that each sample was divided into two at
the beginning of the isolation procedures, and the
two separate determinations
were averaged to
give the values in the table. The duplicates agreed
to better

than

10 per cent.

As can be seen from the tables, the increased
specific activity of liver DNA, observed earlier in
female A strain mice, occurs also in male A strain
mice bearing the transplanted
mammary carcino
ma, in female A strain mice bearing transplanted
sarcoma A274, and in female C57 strain mice bear
ing a transplanted
mammary carcinoma.
Contrary to our expectations, there was no sig
nificant difference in the rate of incorporation of
p32

bearing

the

cytoplasmic

mice.

However,

PNA

of the

livers

the individual

of tumor

variations

are rather large, so that a small effect would not
necessarily be noticed. Furthermore,
our cyto
plasmic PNA is obtained from a mixture of the
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various cytoplasmic fractions, and there might be
a considerable change in one of these fractions with
out its being evident in our values.
The nuclear PNA specific activities of the tu
mor group show a statistically significant decrease
from those of the control group (Table 2). How
ever, it is felt that these measurements
are to be
viewed with caution. The ratio between the nu

and

Liver

Nucleic
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Acids

clear and cytoplasmic PNA specific activities is
much lower than that obtained by Barnum and
Huseby (1), indicating that our nuclear PNA may
still be contaminated,

possibly

with

cytoplasmic

PNA.
It is clear from these experiments, however,
that there is no drastic change in the PNA metabo
lism of the livers

of tumor-bearing

hosts.

The

in

TABLE 2
SPECIFIC ACTIVITIES X 1O@OF LIvER NUCLEIC ACIDS IN aâ€•A STRAIN
MICE BEARING MAMMARY CARCINOMAS
DNAÂ°

CYTOPLASMIC

Tumor

Control

0.17 gm.
7.5 days

1.72
1.96
1.44
1.73
2.02
1.68
1.41

1.09
1.37
0.69
1.06

17.6
16.8
16.0
14.1
11.9
11.4

1.0gm.
10 days

3.75
4.91
5.45

1.25
0.71

12.5
11.6
11.6

20gm.
15 days

2.22
1.89
2.24
5.08

0.53
0.75

13.6
12.0
4.2

WSIGHT AND A0@ OP I'tYMORS

Nuci@n@a
PNA

PNA

Tumor

Control

Tumor

Control

11.2
11.9
12.4
10.8

55.8
62.6
53.0

53.8
63.8
66.8

7.2

39.7
45.2
58.2

45.4
49.3

11.5
12.1
13.5

43.1
35.7
41.9
36.6
48.5

55.3
48.5

9.1

37.8
34.7

51.5

10.9Â±0.7

45.6Â±2.7

9.3

8.2

11.8
2.4 gm.
18 days

1.55
1.70

Av.

2.55Â±0.37

Probabilityofsignificance(P)
U The values

0.93

7.3
7.4

0.97Â±0.11

11.7Â±1.0

0 .002

given represent

the numher

of P5' counts

0 . 27

per milligram

of phosphorus

divided

55.3Â±2.9

0.018

by the number

of counts

injected,

normalized

for the weight

of the mice. Errors are expressed as standard deviations of the mesa. Significant differencesare italicized.

TABLE 3
SPECIFIC ACTIVITIES X 10@OF LivER NUCLEIC ACIDS IN 9 C57 MICE
BEARING MAMMARY CARCINOMAS
DNACrro@i..tsincPNANUCLEARPNAWEIGHT
AND
iv@ossTumorControlTumorControlTumorControl2.4gm.
AG@ or

11 days3.65
45.05.2gm.

4.09
3.210.56

14 days13.0

10.050.27

Av.
Probability

6.8Â±2.0

of significance

0.639.2

(P)

0.4413.2
0.48Â±0.08

9.9
7.87.8

7.760.0

9.310.6
9.9Â±1.0

10.279.050.0
9.1Â±0.8

0.028
TABLE

4

SPECIFIC ACTWITIEs X 10Â°OF LivER NUCLEIC ACIDS IN 9 A STRAIN
MICE BEARING SARCOMA A274
DNA
WZIGET

Crro@i@sazc PNA
Tumor
Control

TUMORSTumorControl0.55gm.
AND LOS OF

7

days2.39

2.0 gm.
12 days

Av.
Probabilityofsignificance

2.63
3.000.75

0.88

2.28
2.28
2.05

0.55
0.76

2.44Â±0.14

(P)

0.74Â±0.09

0.001

12.0
12.8
13.1

10.6
11.4

12.1
13.6
20.9

12.1
14.1

14.1Â±1.5

Nuci@&&a PNA

Tumor

56.5

Control

47.0

12.1Â±0.8

0.14
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crease in the DNA specific activity is apparently
due to a true change in its turnover rate and not to
a secondary effect associated with PNA turnover
or a change in over-all phosphate metabolism.
In a series of 48 female A strain mice bearing
transplants
of mammary carcinoma (1.3 gm. per
mouse), the average liver weight was found to be
7.57 per cent Â±0.18 per cent of the body weight.
In eighteen control animals the average liver
weight was 6.19 per cent Â±0.17 per cent of the
body weight. This indicates a 20 per cent greater
liver weight in tumor-bearing
animals. Recently,
Reddy and Cerecedo (9) reported an increased
content of both DNA and PNA in the livers of
mice bearing Crocker sarcoma 180 transplants.
Kosterlitz and Campbell (8) found an increase in
the DNA content of livers of pregnant rats. These
observations suggest that in the livers of tumor
bearing mice the increased DNA turnover is an
indication of increased cell proliferation.
SUMMARY
The rate of incorporation of @32
into DNA, nu
clear PNA, and cytoplasmic PNA of liver tissue
was measured in male A strain mice bearing trans
planted mammary carcinoma, in female A strain
mice bearing transplanted
sarcoma A274, and in
female C57 strain mice bearing a transplanted
mammary carcinoma. An increase of @32
incorpo
ration into the liver DNA was noted in all three
groups of tumor-bearing
mice when compared to
the controls. A decrease in P@ incorporation into
nuclear PNA was observed in the male A strain
mice bearing mammary carcinoma. No significant

difference in the rate of incorporation of @32
into
the cytoplasmic PNA was observed in the tumor
bearing mice.
ACKNOWLEDGMENTS

The authors wish to express their appreciation to Dr.
Hardin

B. Jones for his continual

interest and guidance during

the course of theexperiments. We also wish to thank Mrs. Jean

Siri for transplanting the tumors.
REFERENCES
1. B@tn@iua, C. P., and Husu@y, R. A. The Intracellular
Heterogeneity
of Pentose Nucleic Acid as Evidenced by
the Incorporation
of Radiophosphorus.
Arch. Biochem.,
29:7â€”26, 1950.

2. B@.aNuat,C. P.; NasH, C. W.; Jmninios, E.; NYGAARD,0.;
and VERMUND, H. The Separation
pentose

Nucleic

Acids

from

of Pentose

IsOlated

and Desoxy

Mouse

Liver

Nuclei. Arch. Biochem., 25:376â€”83, 1950.
3. Fisxz, C. H., and SUBBAROW, Y. The Colorimetric

termination
1925.

Cell

De

of Phosphorus. J. Biol. Chem., 66:875â€”400,

4. JomssoN, T. B., and H.anxnrs, H. H. Researches on Pynim
idines. CVII. The Examination
of Yeast Nucleic Acid for
5-Methylcytosine.
J. Am. Chem. Soc., 51: 1779â€”84,1929.
5. KELLY, L. S., and Jo@us, H. B. Effect of Neoplastic Tissue
on the Turnover of Desoxypentose
Nucleic Acid. Science,
111:338â€”84, 1950.
6.
. Effects of Irradiation on Nucleic Acid Formation
Proc. Soc. Exper. Biol. & Med.. 74:493â€”97, 1950.
7. Ksu@Y, L. S.; PAv@,

A. H.; WHrrE,

M. R.;

and Jrnir.s,

H. B. The Effectof NeoplasiaandPregnancyon the Tissue
Desoxypentosenucleic
1951.
8. KOSTERLITZ, H. W.,

Acid. Cancer
and

Research,

CAMPBELL, R. M. Composition

and Structure of the Liver Cell in Pregnancy.
076â€”77,1947.
9. RuDDY,

D.

V. N.,

and

11:694â€”96,

CEREDO, L. R.

Nature,

Effect

160:

of Trans

planted Tumors on Nucleic Acid Content of Mouse Tissues.
Fed.Proc.,
10:236,
1951.

Downloaded from cancerres.aacrjournals.org on February 23, 2018. © 1952 American Association for Cancer
Research.

Effect of Neoplastic Tissue on the Turnover of Liver Nucleic
Acids
Anita H. Payne, Lola S. Kelly and Margaret R. White
Cancer Res 1952;12:65-68.

Updated version

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
http://cancerres.aacrjournals.org/content/12/1/65

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cancerres.aacrjournals.org/content/12/1/65.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerres.aacrjournals.org on February 23, 2018. © 1952 American Association for Cancer
Research.

