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A Simple Method for Determination of Desoxypentose Nucleic Acid

in Tissue Cultures.

Frovp C. McINTIRE AND MURIEL F. SPROULL

(23251)

(Introduced by L. W. Roth)

Abbott Laboratories, N. Chicago, Ill.

The numerous methods now employed for
quantitative determination of desoxypentose
nucleic acid (DNA) suffer from either a
laborious purification procedure or the capri-
ciousness of colorimetric assays for desoxy-
pentose(1.2,5-8.10-14,16). The desirability
of quantitation by means of ultraviolet ab-
sorption has been recognized(8.10.14). but
these methods are either too laborious or their
specificity has been questioned(7).

A new method is presented here which con-
sists of a very simple, but highly specific, puri-
fication of DNA and quantitation by means
of the ultraviolet absorption. The basis of
the method is the fact that DNA, in concen-
trations as low as 5 pg per ml, can be quanti-
tatively precipitated from .04 N sodium hy-
droxide solution by salmine. Interference by
ribonucleic acid is completely eliminated by
alkaline hydrolysis(12,15) before the DNA
precipitation. The purines and pyrimidines
are recovered from the salmine precipitate by
extraction with an acid salt solution. DNA
recovery is nearly 1009%. The method as
presented is designed for a lower limit of 2
»g of DNA. By manipulation with smaller
volumes a lower limit of 0.2 to 0.5 ug should
be feasible.

Experimental. Reagents are 0.4 N sodium
hydroxide; 0.1 N sulfuric acid containing
10% sodium chloride (C.P. grade): 1% solu-
tion of salmine (General Biochemicals Inc.)
Procedure. 1. Separate cells from culture me-
dium and wash generously with physiological
salt solution. For cultures firmly adhering to
glass, centrifugation is not necessary and two
10 ml washings are more than adequate for

cultures of 1 to 5 x 10°% cells. 2. Take up the
cells in a small volume of 0.4 N sodium hy-
droxide; heat in boiling water 1 hour, with a
glass cap over the neck of the culture tube
to minimize evaporation; cool and dilute the
sodium hydroxide to 0.04 N. The volume of
0.4 N sodium hydroxide required in the cell
extraction depends upon the number of cells
in the culture. If too much alkali is used,
dilution to 0.04 N will give a solution too
dilute for quantitative precipitation of the
DNA. 1If too little alkali is used RNA will
not be completely hydrolyzed and a high
value for DNA will be obtained. The best
solution to this problem is to have an extra
replicate culture for “range-finding.” Extract
the extra replicate with 5 ml of the acid salt
solution in boiling water for 30 minutes, cool,
centrifuge and read the absorbance at 268
and 330 mu. Use the following guide for the
alkali extraction:

Absorbance, mlof 0.4 N Dilution
268 mpu—330 my NaOH after heating

.050 to0.100 .05 5 ml

L1000 .200 1 1

2000 400 2 2

4000 800 4 4

Cultures of 2 to 3 x 109 strain L cells will re-
quire 0.4 ml of 0.4 N sodium hydroxide for
the extraction. 3. To 0.4 ml of diluted cell
extract, in a 0.4 ml graduated test tube, add
0.02 ml of salmine solution.* Mix thoroughly

* Volumes less than 1 ml were mecasured with
micropipets made by Microchemical Specialties Co.
The 0.4 ml test tubes were 8 mm O0.D., 70 mm long,
graduated by Paul O. Moeller, Universal Instrument
Corp., Chicago.
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but gently (avoid foaming) and chill on ice
for 174 hours. Centrifuge for 10 minutes at
2000 rpm and O to 4°C; draw off the superna-
tant and wash carefully with 0.4 ml of ice
cold water. Drain the tube in an inverted
position for a few minutes and then shake out
the last drop of water. 4. To the tube con-
taining the precipitate add slightly less than
0.4 m! of acid salt solution, cover with a glass
cap, heat in boiling water 30 minutes, cool,
centrifuge briefly, dilute carefully to 0.4 ml
with distilled water, mix well and centrifuge
to pack down the slight precipitate. 5. Meas-
ure absorbance of the acid saline extract at
268 and 330 mp. (A Beckman, Model DU
spectrophotometer, equipped with a Lowry
and Bessey micro cell(9), is recommended.)
The reading at 330 mp is a measure of a very
slight haze which may be present. In most
cases the 330 mp reading is so small that it
could be ignored. The difference between the
2 readings is proportional to amount of DNA
in the original sample (Fig. 3). The quan-
tity of DNA per culture may be expressed in
any one of several convenient ways. As a
standard of reference we used a preparation
of calf thymus DNA purified(3,4) to an
analysis of 14.9% nitrogen and 8.53% phos-
phorus. This DNA preparation, at a con-
centration of 10 ug per ml, dissolved by heat-
ing in the acid salt solution, had an absorb-
ance of 0.260 at 268 mp (1 cm light path).
The amount of DNA per culture may be cal-
culated in terms of the reference standard as
follows: A = Absorbance reading, V = To-
tal vol. of 0.04 N NaOH extract.

A 268 mp-A 330 mpu

0.026

Specificity of method. Fig. 1 shows the
absorption spectra of the acid saline extracts
of the salmine precipitates of purified DNA,
HeLa extract and strain L extracts. (HeLa
cells were obtained through the courtesy of
Dr. William F. Scherer, Univ. of Minnesota;
strain L, NCTC929-209-7, was obtained
through the courtesy of Dr. Wilton R. Earle,
Nat. Cancer Inst.) The spectrum of a 0.5%
solution of salmine is included to show that
this protein contributes nothing to the ab-
sorption of the extracts above 250 mu. A high

pg DNA/culture = V x
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FIG. 1. TUltraviolet absorption spectra of acid sa-

line extracts of salmine precipitates (‘‘DNA ex-

tracts’’) from purificd DNA and from alkaline
extracts of HeLa and strain L cells.

degree of specificity for the method is indi-
cated by the fact that the HeLa and strain L
curves follow very closely the curve for puri-
fied DNA from 250 myu on up to 330 mp. As
a further test of specificity the absorption
spectra of these same extracts were obtained
under alkaline conditions (~0.1 N sodium
hydroxide). The tyrosine absorption peak
of proteins, which appears at 275 and 280
my under acid conditions, is shifted to 290
my and intensified under alkaline conditions.
If there were enough protein in the “DNA”
extracts to contribute significanlty to the ab-
sorption at 268 myu under acid conditions, this
protein interference should show up as a
hump at 290 mg in the absorption curve
under alkaline conditions. Also, the absorp-
tion at 290 mpu should be greater in alkali
than in acid. That such is not the case is
shown in Fig. 2. Both Hela and strain L
“DNA” extracts show smooth absorption
curves above 270 mp in alkali, and both al-
kaline curves are slightly less intense than the
corresponding acid curves. Below 250 mp
there is a much greater difference between
acid and alkaline absorption curves of conal-
bumin. In this range also there are relatively
slight differences between the acid and alka-
line absorption curves of HeLa and L. “DNA”
extracts. It is therefore clear that protein



460

DXNA DETERMINATION

1.00 1.00
090 STRAIN L . 0490E ! CONALBUMIN
080 "DNA EXTRACT" (go | \
g o070 070 \
I 060 060 \ .
& 050 050 [ =
f 040 0.40
< 030 0.30
020 0.20
0.10 0.10
0.00
1.00
090
080
w 070
z 060
@ 050
3 040
@ 030
020
010
000

WAVE LENGTH MILLIMICRONS

FIG. 2. Comparison of absorption speetra in acid (0.1 N H,80,), solid lines, to those in alka-
line solution (0.1 to 0.2 N NaOll), broken lines.

interference in this DNA determination is
negligible.  Conalbumin was chosen as a
representative protein in these studies be-
cause it contains only moderate amounts of
tvrosine and tryptophane. Insulin. which
contains more tyrosine than conalbumin
shows much greater differences in absorption
between acid and alkaline solutions. Further
evidence for the specificity of the salmine pre-
cipitation for DNA was obtained from the
sugar color reactions. The orcinol test indi-
cated that salmine precipitates from HeLa
and strain L extracts contained negligible
pentose. The diphenylamine reaction indi-
cated that the salmine precipitates of HeLa
and strain L extracts contained as much de-
soxypentose as the salmine precipitate of puri-
fied DNA, in relation to purine and pyrimi-
dine content. The recovery data shown in
Table I attest to the specificity of the salmine
precipitation of DNA. There was no copre-
cipitation of either the mono nucleotide, cy-

10

WAVE LENGTH MILLIMICRONS

tidvlic acid, or the alkaline hydrolytic frag-
ments of RNA.

Reproducibility of the method and recov-
ery of DNA. That the reproducibility of the
method is very good is indicated by the data
of Table I. The recovery of DNA is excel-
lent alone or in the presence of alkali hy-
drolyzed RNA, alkaline cell extracts, or cy-
tidylic acid. Of the 38 recovery figures re-
ported, the mean value is 97.85 = 0.87%
(standard error). Fig. 3 shows the relation-
ship at 268 mpy between absorbance of the
acid saline extract of the salmine precipitate,
and amount of DNA before precipitation.
Each point on the graph represents the aver-
age of the 4 absorbance readings from which
the corresponding recovery figures in Table I
were calculated.

Summary. A new method for quantitative
determination of desoxypentose nucleic acid
has been presented. The innovation of this
method is precipitation of DNA by salmine
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TABLE I. Recovery of DNA in Presence of Thymidylate, Alkali Hydrolyzed RNA and Alka-
line Cell Extraets.*

Constituents of 0.04 N DNA added
NaOH solution (ug) ——————————DNA found (ug)t
NaOH alone 5.44 5.16 ( 94) 5.44 (100)
5.76 ug RNA}L 5.44 54 (99) 5.12 ( 93)
20 ug caleium thymidylate 5.44 54 ( 99) 5.24 ( 96)
40ug 7 ” none 31 .32
11.5 ug RNA ” 1 1
' 21.8 21.6 ( 99) 21.8 (100) 21.6 ( 99) 21.8 (100)
10.9 10.8 ( 99) 10.8 ( 99) 10.8 ( 99) 10.7 ( 98)
4.36 41 ( 94) 4.1 ( 94) 4.18 ( 96) 4.2 ( 96)
2.18 1.98 ( 91) 1.98 ( 91) 2.16 ( 99) 2.11 ( 97)
Strain 1. extract none 3.48 3.58 3.6 3.66
10.9 § 14.93 (104) 15.31 (108) 14.78 (103) 14.48 (100)
2,18¢ 5.88 (106) 5.85 (104) 5.76 (100) 5.59 ( 92)
HeLa extract 3.84 4.0 3.97 3.97
10.9 § 14.24 ( 94) 14.94 (101 14.04 ( 93) 13.54 ( 88)
2.18% 6.07 ( 98) 6.41 (113) 5.83 ( 87) 6.16 (102)

* Each ‘‘DNA found’’ value represents an individual determination, not an avg value.

t Figures in parentheses give 9% recovery.

1 Hydrolyzed in 0.4 N NaOH, 60 min., 100°, then diluted to 0.04 N NaOH.
§ For calculation of DNA recovery from HeLa and strain L extraets, avg values of 3.38 ug
DXNA for strain L and 3.94 ug DNA for Hel.a were used.

and dissolution of purines and pyrimidines
from the precipitate by means of hot acid
salt solution. The quantitation depends upon
the absorption of the acid saline extract at
268 mp. The method is very specific for
DNA. Precision and DNA recovery are both
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FIG. 3. Absorbance of acid saline extract of sal-
mine precipitate as related to amt of DNA before
precipitation.

good.
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Relationship Between Sleep, Biotransformation Rates, and Plasma Levels

of Pentobarbital and Secobarbital in Animals.

(23252)

J. D. Tavror, ELEaNoRr M. SwENsoN, JEANNE C. Davin anp R. K. RicHARDS
Department of Pharmacologv, Abbott Laboratories, North Chicago, Il.

Pentobarbital (Nembutal) (5 - ethyl-5-(1-
methylbutyl)-barbiturate sodium) and seco-
barbital (Seconal) (5-allyl-5-(1-methylbutyl)-
barbiturate sodium) are very similar in struc-
ture and both are classed as “short-acting” in
duration of action(1). Pentobarbital has been
widely studied in animals with regard to its
fate and metabolism, but there is little com-
parable data on secobarbital. Man seems to
be the only species studied(2.3) in this man-
ner.

It was our purpose to compare these 2 bar-
biturates with regard to sleeping time. body
or plasma levels at the time of waking and
rate of destruction in mice. rabbits, and dogs
given single doses (equivalent by weight) of
pentobarbital and secobarbital.

Materials and methods. The molecular
weights of pentobarbital and secobarbital are
within 5% of each other. This slight differ-
ence would not be evident in experiments that
have biological errors which are considerably
larger than 5%, so equivalent doses in weight
per kilo were used throughout this work.
Groups of female, albino mice. weighing be-
tween 18-22 g were injected intraperitoneally
with either barbiturate as the sodium salt
made to a 2% solution. Sleep was recorded
as the interval between the time mice re-
mained on their back to the time they woke
and rolled over. For experiments measuring
both body level and sleeping time of drug,
each mouse was killed by impact, on waking,
the whole animal homogenized in a Waring
blendor and an aliquot analyzed for barbitu-
rate. To determine rates of destruction, sepa-
rate experiments were run with groups of
mice analyzed at definite time intervals after

injection regardless of whether they were
asleep or awake. A group of female Sprague-
Dawley rats weighing between 230-330 g was
injected intraperitoneally with each barbi-
turate and sleeping time (righting time) re-
corded. One week later those animals that
had received pentobarbital were given seco-
barbital and those that had received seco-
barbital were given pentobarbital. This
cross-over arrangement equalized the effect of
time and tolerance and the relatively large
animal to animal variation was minimized.
This design was used in some other experi-
ments also (see below). Only sleeping times
were studied on rats. Male rabbits weighing
between 2-4.8 kg were injected intravenously
with a 5% solution of the sodium salt of each
barbiturate. Sleeping times were recorded
from the time of injection to the time they
righted themselves from a side position.
Blood samples were taken by heart puncture
at 1 and 2 hours and at the time of awaking.
They were centrifuged, and an aliquot of the
plasma analyzed for the barbiturate. Pre-
liminary experiments showed that the plasma
and tissues had reached equilibrium before
one hour. One experiment was set up on a
cross-over design as described above with a
5-day interval between experiments. Female
mongrel dogs weighing between 5 and 12 kg
were injected intravenously with 3% solu-
tions. Blood samples were drawn from leg
veins at 1 and 4 hours and at waking time
and the plasma analyzed. The experiment
was set up in a cross-over design as described
above for rats with one week intervals be-
tween experiments. Pentobarbital and seco-
barbital were determined by the method of



